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Introduction 


(M you're taking your first chemistry course, you’re taking your last chemistry 
course, or you just need a little practice before taking a test that contains chemistry 
questions (like a nursing, pre-med, or teacher certification test), doing problems is a fine 
way to prepare. 


The 1,001 practice questions in this book cover topics that you might encounter in a high 

school chemistry course, an introductory college chemistry course, the first semester of a 
general chemistry course for science majors, or a general science test for entry into a pre- 
professional program. The types of questions here are similar to the ones you may see on 
homework assignments, quizzes, practice tests, or actual tests. 


You can start at Question 1 or Question 121 or skip around. You may find that your instruc- 
tor (or textbook) covers topics in a different order from this book. That’s okay; just go to 
the table of contents, find the topic you need, and start there. 


Completing 1,001 chemistry practice questions is no small undertaking, but the time you 
spend practicing valuable science, math, and chemistry skills can improve your scores and 
help you “know what you know.” 


What Vou'll Find 


The 1,001 chemistry practice questions in this book are divided among 15 chapters, each 
one representing a few major subject areas in chemistry. Within each chapter, questions are 
grouped by topic and arranged from easy to hard, allowing you to answer beginner ques- 
tions as well as multi-step and more difficult questions. Some questions are accompanied 
by an image or diagram that you need in order to answer the question correctly. 


After you answer the questions for one chapter or subcategory — or even after you answer 
just one question — you can flip to the last chapter of the book and check your answers. 
There, you find thorough answer explanations for each problem, often covering processes, 
formulas, and definitions. In many cases, studying an answer explanation can help you 
better understand a difficult subject, so spend as much time as you need reviewing the 
explanations. 
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Beyond the Book 


This book gives you plenty of chemistry questions to work on. But maybe you want to track 
your progress as you tackle the questions, or maybe you’re having trouble with different 
types of questions and wish they were all presented in one place. You’re in luck. Your book 
purchase comes with a free one-year subscription to all 1,001 practice questions online. You 
get on-the-go access any way you want it — from your computer, smartphone, or tablet. 
Track your progress and view personalized reports that show what you need to study the 
most. Study what, where, when, and how you want. 


What you'll find online 


The online practice that comes free with this book offers the same 1,001 questions and 
answers that are available here. The beauty of the online problems is that you can custom- 
ize your online practice to focus on the topic areas that give you the most trouble. So if you 
need help naming binary compounds or solving combined gas law problems, just select 
those question types online and start practicing. Or if you’re short on time but want to get 
a mixed bag of a limited number of problems, you can specify the number of problems you 
want to practice. Whether you practice a few hundred problems in one sitting or a couple 
dozen, and whether you focus on a few types of problems or practice every type, the online 
program keeps track of the questions you get right and wrong so you can monitor your 
progress and spend time studying exactly what you need. 


You can access this online tool using an access code, as described in the next section. Keep 
in mind that you can create only one login with your access code. After the access code is 
used, it’s no longer valid and is nontransferable, so you can’t share your access code with 
other users after you establish your login credentials. 


This product also comes with an online Cheat Sheet that helps you increase your odds 

of performing well in chemistry. Check out the free Cheat Sheet at www. dummies .com/ 
cheatsheet/1001Chemistry. (No access code required. You can access this info before 
you even register.) 


How to register 


To gain access to the online version of all 1,001 practice questions in this book, all you have 
to do is register. Just follow these simple steps: 


1. Find your PIN access code. 


e Print book users: If you purchased a hard copy of this book, turn to the back of 
this book to find your access code. 


e E-book users: If you purchased this book as an e-book, you can get your access 
code by registering your e-book at dummies .com/go/getaccess. Go to this 
website, find your book and click it, and answer the security question to verify 
your purchase. Then you'll receive an e-mail with your access code. 
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2. Go to learn.dummies.com and click Already have an Access Code? 

3. Enter your access code and click Next. 

4. Follow the instructions to create an account and establish your personal login 
information. 


That’s all there is to it! You can come back to the online program again and again — simply 
log in with the username and password you chose during your initial login. No need to use 
the access code a second time. 


If you have trouble with the access code or can’t find it, please contact Wiley Product 
Technical Support at 877-762-2974 or http: //support.wiley.com. 


Your registration is good for one year from the day you activate your access code. 


Where to Go for Additional Help 


It’s easy to get overwhelmed when trying to study a subject as integrated as chemistry. But 
don’t despair. This book is designed to break everything into less complex categories so 
you can concentrate on one topic at a time. Practicing in smaller areas within each topic 
helps you identify your strong points and your weak points. 


After you use this book and identify the areas you feel need extra effort, you can start study- 
ing on your own and then come back here to answer the questions again to measure your 
improvement. For example, if your knowledge of molarity is a little hazy (or nonexistent), 
try reviewing the molar calculations in Chapter 10. Check your answers and jot down notes 
or questions you may have. Then research, say, how solution concentration is expressed 
using molarity or which biology applications might use molarity. You can look for resources 
at your local library or online, or you can ask a friend, coworker, or professor to coach you 
if he or she seems to spend a lot of time in the lab. You can also check out the For Dummies 
series for books about many of the topics covered in chemistry. Head to www. dummies . com 
to see the many books and articles that can help you in your studies. 


1,001 Chemistry Practice Questions For Dummies gives you just that — 1,001 practice ques- 
tions and answers in order for you to practice your chemistry skills. If you need more 
in-depth study and direction for your chemistry courses, you may want to try out the fol- 
lowing For Dummies products: 


Y Chemistry Essentials For Dummies: This book is a quick-reference resource that out- 
lines key topics found in a first-year high school chemistry course or a first-semester 
college chemistry course. 


Chemistry For Dummies: This book provides content parallel to the 1,001 chemistry 
practice problems found in this book. 


Chemistry II For Dummies: This book provides content similar to what you may 
encounter in a second-year high school chemistry course or a second-semester college 
chemistry course. 
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4 1,001 Chemistry Practice Problems For Dummies 


AP Chemistry For Dummies: This book prepares the Advanced Placement chemistry 
student to take the College Board’s AP Chemistry exam. It also includes tools for orga- 
nizing and planning your study time. 


Chemistry Workbook For Dummies: This book includes basic instruction, chemistry 
problems worked step-by-step, shortcuts, and more practice problems. 


Several For Dummies chemistry titles are also available for download to your electronic 
device(s). 


Part 
The Questions 


In this part... 


0: thousand one chemistry problems — that's a lot of 
chemistry practice. Hundreds of our former students 


have persevered through what we're sure they felt was even 
more than that. Here are the general types of questions you'll 
be dealing with: 

1# The basics of chemistry (Chapters 1-5) 


Chemical bonding (Chapters 6-8) 


Acids, bases, liquids, and gases (Chapters 12-14) 


y 
1# Chemical reactions (Chapters 9-11) 
y 
y 


Graphing (Chapter 15) 


Chapter 1 
Units and Unit Conversions 


M any aspects of chemistry are quantitative, and you use units to measure these quan- 
tities. In many cases, you have to convert from one unit to another. Most people 

in the United States initially learn the English system of units, but most chemists use the 
Système international d’unités (the SI system), derived from the older metric system. Unit 
conversions relate these two systems. Dimensional analysis provides a systematic means 
to not only perform these conversions but also to work many of the other problems in this 
book. Dimensional analysis lets the units solve the problem for you. 


The Problems Vou'll Work On 


In this chapter, you work with units and unit conversions in the following ways: 


Choosing appropriate units 
Interpreting metric prefixes 
Converting metric and English units 


Solving problems with dimensional analysis 


What to Watch Out For 


Don’t let common mistakes trip you up; remember the following when working on units and 
unit conversions: 

Always include your units when setting up equations and answering questions. 

Set up your problem so that units cancel to leave the desired units. 


Make sure your answer looks reasonable and the final units match what they describe. 
For example, s~! represents 1/seconds, which is frequency, not time. 


When rounding your answer for significant figures, remember that many, but not all, 
conversions are exact numbers and therefore don’t affect the number of significant fig- 
ures in the answer. 
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7. What is the metric prefix that represents 


Understanding Metric Prefixes 


l > 
1,000° 


and Units 


1-10 Answer the questions on metric prefixes and 
metric units used in the laboratory. 


8. What is the metric prefix that represents 
1. What is a common metric unit of mass used ls P P 


in the laboratory? 100° 


2. What is a common metric unit of length 9. What is the metric prefix that represents 
-9 
used for measuring small objects in the 10? 
laboratory? 


10. What is the metric prefix that represents 


6 
3. What is a common metric unit of volume 10°? 


used in the laboratory? 


: Choosing Appropriate Units 


What is a common metric unit of pressure 
used in the laboratory? 11-20 Choose appropriate metric or English units 


for measuring everyday objects. 


11. Which metric unit is most appropriate for 
expressing the mass of an adult human? 


5. What is a common metric unit of energy? 


12. Which metric unit is most appropriate for 


recording the volume of a child’s wooden 
6. What is the metric prefix that represents block? 


1,000? 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


Which metric unit would a scientist use to 
measure the temperature on a warm 
autumn day? 


Which metric unit is most often used for 
small doses of solid medications? 


Which SI base unit is named after a 
person? 


Which English unit is most similar in 
volume to a liter? 


Which English unit is most similar in length 
to a meter? 


How many fluid ounces are in a cup? 


An Olympic swimmer competes in the 
100-meter freestyle. What is the compara- 
ble English unit? 


20. 


Doing Metric Conversions 


Chapter 1: Units and Unit Conversions 


If a wooden board’s width is 6 in., what is an 
appropriate metric unit to express this 
width? 


21-32 Complete the conversion between metric 


units. 


21. 


22. 


23. 


24. 


25. 


26. 


How many milligrams are in 1 dg? 


How many deciliters are in 1 L? 


How many kilometers are in 1 m? 


How many centimeters are in 1 m? 


How many grams are in 1 hg? 


How many milliliters are in 2.5 daL? 
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27. How many centigrams are in 49 kg? 35. How many yards are in 202 m? 

28. How many gigawatts are in 370,000 W? 36. How many pounds are in 58 kg? 

29. How many micrograms are in 0.126 Mg? 37. How many quarts are in 7.54 L? 

30. How many kilometers are in 80. pm? 38. How many centimeters are in 0.087 in.? 
31. How many cubic meters are in 2 L? 39. How many kilometers are in 463 mi.? 
32. How many milliliters are in 0.64 m2? 40. How many grams are in 91 1b.? 


Converting between System S 41. How many liters are in 525 gal.? 


of Measurement 


33-59 Convert between metric and English units. 


33. How many miles are in 35 km? 42. How many atmospheres are in 44 psi? 


34. How many inches are in 0.20 cm? 43. How many cups are in 2.00 L? 


h4. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


How many pounds are in 164 hg? 


How many gallons are in 587 mL? 


How many centimeters are in 6.02 mi.? 


How many decigrams are in 225 lb.? 


How many milliliters are in 6.8 qt.? 


How many centimeters are in 15.3 ft.? 


How many liters are in 99 pt.? 


How many kilograms are in 1.00 short ton? 
(1 short ton = 2,000 Ib.) 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


Chapter 1: Units and Unit Conversions 


How many centimeters are in 6.04 yd.? 


How many cups are in 15 cc? 


How many millimeters are in 1,760 yd.? 


How many pints are in 250 hL? 


How many grams are in 0.35 slugs? (1 slug = 
32.2 1b.) 


How many kilometers are in 9,999 in.? 


How many ounces are in 0.734 kg? 


How many microliters are in 55 oz.? 
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Using Dimensional Analysis 


60-75 Solve the word problem using a setup similar 
to those used in unit conversions. 


60. 


61. 


62. 


63. 


64. 


65. 


How many dozen eggs are in 17,981 eggs? 


How many years are in 6,250 days? 
Cl yr. = 365.25 days) 


How many weeks are in 2.5 centuries? 
(1 yr. = 52 weeks) 


If the average penny has a mass of 3.16 g, 
what is the dollar value of 1.00 short ton of 
pennies? (1 short ton = 2,000 Ib.) 


If an athlete runs the 100-yard dash in 
10.0 s, how long will it take for the athlete 
to run 400 m? 


You’re planning a party and need enough 
soda for 60 guests. How many liters will you 
need, assuming each guest drinks 10. fl. oz. 
of soda? 


66. 


67. 


68. 


69. 


70. 


You plan to serve sub sandwiches at a 
party. How many 6.0-foot subs will you need 
to feed the 60 guests if each person eats a 
25.4-cm length of sandwich? 


A textbook measures 230. mm long, 274 mm 
wide, and 60.0 mm thick. What is the 
volume in cubic centimeters? 


A textbook measures 230. mm long, 274 mm 
wide, and 60.0 mm thick. What is the sur- 
face area of the front cover in square 
meters? 


A hallway measures 10.0 ft. by 5.0 ft. How 
many square tiles, measuring 10.0 in. on 
each side, are necessary to cover the 
floor? 


If a car is going 20. mph through a school 
zone, how many centimeters per minute is 
it traveling? 


A solid sphere made of pure gold has a 
volume of 2.0 L. What is the mass of the 
sphere, in pounds, if 1.00 cm? of gold has a 
mass of 19.3 g? 


72. 


73. 


How many minutes does it take a horse to 
run 12 furlongs at 35.3 mph? (1 furlong = 
40 rods, and 1 rod = 5.5 yd.) 


If a pitcher throws a 96-mph fastball, how 
many seconds will it take to travel the 
60.5 ft. from the pitcher’s mound to home 
plate? 


7h. 


75. 


Chapter 1: Units and Unit Conversions 


Pure gold can be made into extremely thin 
sheets called gold leaf. Suppose that 25 kg 
of gold is made into gold leaf having a sur- 
face area of 1,810 m?. How thick is the gold 
leaf in millimeters? The density of gold is 
19.3 g/cm?, 


Radio waves travel at 300,000,000 m/s. If 
you asked a question of someone who was 
on the moon, 239,000 mi. from the Earth, 
what is the minimum time that you would 
have to wait for a reply? 
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Chapter 2 


Scientific Notation and 
Significant Figures 


Seen notation allows you to write very large and very small numbers, which are 
common in chemistry, in a simplified manner. Many chemical experiments involve very 
precise measurements. The significant figures are an indication of the precision of these 
measurements. In calculations involving more than one measurement, you need to maintain 
the precision inherent in the significant figures. 


The Problems Vou’ll Work On 


In this chapter, you work with scientific notation and significant figures in the following ways: 


Expressing numbers in standard and scientific notation 
Doing calculations with numbers in scientific notation 
Determining significant figures 


Combining math operations with significant figures 


What to Watch Out For 


Remember the following when working on scientific notation and significant figures: 


All nonzero digits and zeroes between nonzero digits are significant. Zeroes to the left 
in the number (leading zeroes) are never significant. Zeroes to the right are significant 
only if they aren’t just indicating the power of ten. 


Don't confuse the addition/subtraction rule with the multiplication/division rule. Be 
extra careful when solving mixed-operation problems. 


¥ Most calculators convert to and from scientific notation, but double-check the answer. 
Calculators are complete idiots concerning the rules for significant figures. 
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Putting Numbers in Scientific 


Notation 


76-80 Express the given number in scientific 
notation. 


76. 876 


77. 4,000,001 


78. 0.000510 


79. 900 x 104 


80. 10 


Taking Numbers out of 


Scientific Notation 


81-85 Convert the given number to nonscientific 
notation (regular decimal form). 


81. 2.00 x 102 


82. 9x 102 


83. 4.7952 x 103 


84. 1.64x 10% 


85. 0.83x 107! 


Calculating with Numbers 


in Scientific Notation 


86-105 Complete the calculations and record your 
answer in scientific notation. (If you use a calculator, 
choose a mode that doesn’t put the numbers in 
scientific notation for you.) 


86. (1.26 x 108) + (4.71 x 10%) = 


87. (3.9x 107) + (2.1 10-4 = 


88. (8.9 x 10%) - (3.3 x 104) = 


89. 


90. 


91. 


92. 


93. 


9b. 


95. 


96. 


97. 


(7.4 x 107 - (5.2 x 104) = 


(8.240 x 102) + (3.791 x 102) = 


(1.00 x 10%) - (5.2 x 105) = 


(5.42 x 10) + (6.19 x 10) = 


(8.20 x 109) — (7.31 x 10) + (2.846 x 105) = 


(1.0 x 10-7) x (4.5 x 10°) = 


(1.0 x 10°) = (1.0 x 10“) = 


(3.15 x 10!) x (2.0 x 10%) = 


(4.7 x 102) = (9.6 x 10) = 


98. 


99. 


100. 


101. 


102. 


103. 


104. 


105. 
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(8.40 x 1015) x (2.00 x 10°) = 


(1.0 x 108) + (3.2 x 102) = 


(9.76 x 10-9) x (3.55 x 10°) = (1.8 x 10%) = 


(2.48 x 10°) x (4.756 x 10) x (9.1 x 10-3 = 


(1.8 x 10) + (6.27 x 10%) x (2.9 x 10°) = 


(9.189 x 10-1) + (0.6021 x 10-13) + 
(4.5 x 107) = 


(4.115 x 102) + (1.1 x 10") + (3.68 x 10) + 
(8.2 x 104) = 


(4.6 x10”)+(6.97x10°)x(3x107) B 


(5.18x10*)-(2.00x10°) 
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Recognizing Significant 


113. 3,000,000.0 


Figures 


106-115 Indicate how many significant figures 


(significant digits) are in the given number. 


106. 


107. 


108. 


109. 


110. 


111. 


112. 


114. 0.0040800 
343 


115. 0.870 
0.4592 


Writing Answers with the 


705,204 Right Number of Sig Figs 


116-135 Complete the calculation and express 
your answer using the correct number of significant 


figures. 
0.0075 116. 5,379 + 100 = 
248,000 117. 12.4+0.59 = 
9,400,300 178. 61.035 - 33.48 = 


1.0070 119. 71 + 24.87 + 0.0003 = 


120. 


121. 


122. 


123. 


124. 


125. 


126. 


127. 


0.387 - 467 = 


0.005689 + 0.0410 = 


60.0080 — 128.35429 + 7.941 = 


130 + 4,600 + 395.2 = 


0.0074 + 0.000035 = 


75 x 349 = 


7.98 x 5.21 = 


5.00 + 0.0025 = 
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128. 


129. 


130. 


131. 


132. 


133. 


134. 


135. 
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7.0 cm x 7 cm = 


6.48 + 194.21 = 


0.000000029 x 0.00000745 = 


0.0034 x 518.27 _ 


9.00 


2,300.00 x 0.854 + 110 = 


10.78 g 


25.0 mL— 23.8 mL 


8.14+2.32+0.741 _ 


2.54 


290+12 1.0 


20 “357-12 
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Chapter 3 
Matter and Energy 


( hemists deal with matter. Matter occurs in many forms with certain observable prop- 

erties. One easily observable property of matter is density, which is the mass of a 
sample of matter divided by its volume. It’s possible to alter matter either physically or 
chemically. All alterations involve energy. 


The Problems Vou’ll Work On 


In this chapter, you work with matter and energy in the following ways: 


Describing phases of matter 

Classifying matter as substances and mixtures 
Understanding properties of matter 
Determining density 


Calculating energy and temperature 


What to Watch Out For 


Remember the following when working on matter and energy: 


Know the properties of solids, liquids, and gases on microscopic and macroscopic 
levels. 


Remember that a density must have a mass unit divided by a volume unit. 


2 2 Part l: The Questions 


142. When matter changes from a solid to a gas 
without becoming a liquid in between, 
which phase change is it going through? 


Phases of Matter and Phase 


Changes 


136-143 Check your understanding of phases of 
matter and phase changes. 


136. Which phase of matter doesn’t have a defi- 143. When matter changes from a gas to a solid 
nite shape or a definite volume under without becoming a liquid in between, 
normal conditions? which phase change is it going through? 


137. Which phase of matter has a definite shape Classi fyi ng S M bstances a nd 


and a definite volume? 


Mixtures 


144-152 Classify each type of matter as a pure 
substance or mixture. Then classify each pure 
substance as an element or compound and each 


138. Which phase of matter has a definite mixture as homogeneous or heterogeneous. 
volume but takes the shape of the con- 
tainer that it’s in? 144. Gold 
139. When matter changes from a liquid to a 
. « Tabl 
solid, which phase change is it going 165. Table sugar 
through? 


146. Fresh air 


140. When matter changes from a gas to a liquid, 
which phase change is it going through? 


147. Oxygen 


1417. When matter changes from a liquid to a gas, 
which phase change is it going through? 


148. 
149. 
150. 
151. 


152. 


Properties of Matter 


Vegetable soup 


Fruit salad 


Calcium 


Concrete 


Smog 


153-165 Check your understanding of the properties 
of matter. 


153. 


154. 


Which type of property of matter doesn’t 
depend on the amount of the substance 
that’s present? 


Which type of change involves a change in 
the form of a substance? 


155. 


156. 


157. 


158. 


159. 


160. 


161. 
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Which type of change involves a change in 
the identity of a substance? 


Which type of property of matter depends 
on exactly how much of the substance is 
present? 


Density is a(n) (chemical/ 
extensive physical/intensive physical) 
property. 


Length is a(n) (chemical/ 
extensive physical/intensive physical) 
property. 


Color is a(n) (chemical/ 
extensive physical/intensive physical) 
property. 


Flammability is a(n) 
(chemical/extensive physical/intensive 
physical) property. 


Mass is a(n) (chemical/ 
extensive physical/intensive physical) 
property. 
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162. 


163. 


164. 


165. 


Odor is a(n) (chemical/ 
extensive physical/intensive physical) 
property. 


Ductility is a(n) (chemical/ 
extensive physical/intensive physical) 
property. 


Electrical conductivity is a(n) 
(chemical/extensive 
physical/intensive physical) property. 


Solubility is am) _- 
(chemical/extensive physical/intensive 
physical) property. 


Calculating Density 


166-174 Perform the density calculations. Be sure 
to round your answers to the correct number of 
significant figures. (See Chapter 2 for significant 
figure problems.) 


166. 


In grams per cubic centimeter, what is the 
density of a substance with a mass of 57.5 g 
and a volume of 5.0 cm?? 


167. 


168. 


169. 


170. 


171. 


172. 


A 25.0-mL sample of a liquid has a mass of 
22.1 g. What is the liquid’s density in grams 
per milliliter? 


The mass of 2.00 m? of a gas is 3,960 g. What 
is the density of this gas in kilograms per 
cubic meter? 


What is the mass, in grams, of 0.200 L of 
a saltwater solution with a density of 
1.2 g/mL? 


Aluminum is a metal that has a density of 
2.7 g/cm. How many grams are in a solid 
cube of aluminum that measures 3.00 cm 
per side? 


If a block has a length of 5.0 cm, a width of 
3.0 cm, a height of 2.0 cm, and a mass of 
120. g, what is the block’s density? 


What is the mass, in kilograms, of 1.5 L of 
solid gold? Solid gold has a density of 
19.3 g/cm?. 


173. Ifasample of gasoline has a mass of 77.0 g 
and a density of 0.71 g/mL, what is the 


volume of the gasoline in milliliters? 


174. What is the length of one side of a metallic 
cube that has a density of 10.5 g/cm? anda 


mass of 672 g? 


Working with Energy 


175-190 Assess your understanding of energy and 
related calculations. 


175. Which unit represents the amount of 
energy necessary to raise the temperature 
of 1 g of water by 1°C? 


176. 


Which SI unit is used to express the heat 
content of a mole of a chemical? 


177. 


Which unit is used to express the energy 
found in food? 


178. A bucket on a ladder has 
(kinetic/potential) energy, which is the 


energy of (motion/position). 


179. 


180. 


181. 


182. 


183. 


184. 


185. 
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A rolling ball has (Rinetic/ 
potential) energy, which is the energy of 
(motion/position). 


Fuels contain 
energy, which is 
potential) energy. 


(moving/stored) 
(Rinetic/ 


How many kilocalories are in 25,970 J? 


How many joules are in 3.1 x 10° 
kilocalories? 


Average kinetic energy can be measured in 
what units? 


If water is heated by 80.0°C, how many 
kelvins is that? 


The melting point of sodium chloride is 
1,074 K. What temperature is this in degrees 
Celsius? 
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186. 


187. 


188. 


Liquid oxygen boils at -183°C. How many 189. 


degrees Fahrenheit is this? 


Normal human body temperature is consid- 


ered to be around 98.6°F. How many 190. 


degrees Celsius is this? 


Adding dry ice to acetone brings the tem- 
perature down to -78°C. What is this 
temperature in degrees Fahrenheit? 


One summer day, the temperature was 
recorded as 113°F. How many kelvins is 
this? 


Room temperature is about 300. K. How 
many degrees Fahrenheit is this? 


Chapter 4 
The Atom and Nuclear Chemistry 


A n atom consists of a nucleus surrounded by one or more electrons. Although the 
number of protons identifies the element, the electrons are the key to the chemistry. 
The arrangement of electrons in an atom influences the atom’s ability to gain, lose, or share 
electrons and therefore form compounds. Quantum numbers describe the arrangement of 
the electrons. Unstable atoms undergo nuclear decay to transform to stable atoms. Atoms 
may be broken apart by fission or joined by fusion. 


The Problems Vou’ll Work On 


In this chapter, you work with atoms and nuclear chemistry in the following ways: 


Counting subatomic particles 

Interpreting isotope notation 

Writing electron configurations 

Calculating average atomic mass and percent abundance 


Understanding nuclear decay and balancing nuclear equations 


Note: For access to the periodic table, see the Appendix. 


What to Watch Out For 


Remember the following when working on atoms and nuclear chemistry: 
Note that unlike the atomic mass, the mass number is usually not found on the peri- 
odic table. 


Remember the maximum number of electrons possible in each subshell, and follow 
Hund’s rule and the Aufbau principle when filling orbitals. Know the rules for assigning 
the four quantum numbers. 


Know the common nuclear decay modes. 


Remember that balancing nuclear equations depends on both the mass numbers and 
the atomic numbers. 


Know how to calculate the half-life and how to use it. 
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Isotopes and Subatomic 


Particles 


191-219 Answer the question on isotopes and 
subatomic particles. 


191. 


192. 


193. 


194. 


195. 


196. 


How many protons are in an atom of 
sodium? 


How many electrons are in an atom of 
bromine? 


How many electrons are in an atom of 
nickel? 


How many protons are in an atom of 
radon? 


How many neutrons are in an atom of iso- 
tope potassium-40? 


How is the atomic number related to the 
number of protons in an atom? 


197. 


198. 


199. 


200. 


201. 


202. 


203. 


How is the mass number of an atom related 
to the number of neutrons? 


How many protons, electrons, and neutrons 
are in an atom of isotope copper-63? 


An atom has a mass number of 14 and 
6 electrons. How many protons and neu- 
trons does it have? 


An atom has 40 electrons and 51 neutrons. 
What is its mass number, and how many 
protons does it have? 


What does the top number in isotope nota- 
tion represent? 


What does the bottom number in isotope 
notation represent? 


How many protons and neutrons are in’$ F? 


206. 


205. 


206. 


207. 


208. 


209. 


210. 


How many protons and neutrons are 
in > Na? 


What is the isotope notation for an atom of 
carbon-12? 


What is the isotope notation for an atom of 
chlorine-37? 


What is the name of ? Ar? 


How does an ion differ from an atom of the 
same element with regard to the numbers 
of subatomic particles? 


When two atoms or ions have the same 
number of electrons, they’re said to 
be 


When an ion has a positive charge, how do 
the numbers of subatomic particles differ? 
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211. 


212. 


213. 


214. 


215. 


216. 


217. 


When an ion has a negative charge, how do 
the numbers of subatomic particles differ? 


How many protons and electrons does 
%2 Ca” have? 


How many protons and electrons does 
1311- have? 


How many protons and electrons does 
3 Al** have? 


How many protons and electrons does 
3 P3- have? 


What is the isotope notation for an ion of 
silver-109 with a charge of positive 1? 


What is the isotope notation for an ion of 
sulfur-34 with a charge of negative 2? 
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218. 


219. 


How many protons, neutrons, and electrons 
are in ” Cr? 


How many protons, neutrons, and electrons 
are in Ë Ni?™? 


Electrons and Quantum 


Mechanics 


220-234 Answer the questions on electrons and 
quantum mechanics. 


220. 


221. 


222. 


223. 


What is the name of the premise that one 
electron fills each orbital in a subshell until 
all orbitals contain one electron and then 
electrons are added to fill in the second 
available spot in the subshell? 


What rule or principle describes the order 
in which electrons fill orbitals? 


What is the maximum number of electrons 
that can be in the f orbitals? 


What is the maximum number of electrons 
that can be in the p orbitals? 


224. 


225. 


226. 


227. 


228. 


229. 


230. 


What is the electron configuration of 
carbon? 


What is the electron configuration of 
magnesium? 


What is the electron configuration of 
argon? 


What is the electron configuration of 
bromine? 


What is the electron configuration of 
zirconium? 


What is the expected electron configuration 
of plutonium? 


Which quantum number describes the spin 
of the electron? 
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231. Which quantum number describes the aver- 237. What is the average atomic mass of chlorine 


age distance between the nucleus and the that is 75.78% chlorine-35 (mass of 34.96885 
orbital? amu) and 24.22% chlorine-37 (mass of 
36.9659 amu)? 


232. Which quantum number describes how the 


various orbitals are oriented in space? 238. What is the average atomic mass of magne- 
sium, given the information in the following 
table? 
Isotope Percent Atomic Mass 
Abund 
233. Which quantum number describes the ial lene) 
shape of the orbital? 12 Mg 78.99 23.985 
Mg 10.00 24.986 
25 Mg 11.01 25.983 


234. What are the possible values for the spin 
quantum number? 


239. What is the average atomic mass of potas- 
sium, given the information in the following 


table? 
Isotope Percent Atomic Mass 
235-242 Answer the questions on average atomic Abundance (amu) 
Mass. 3K 93.258 38.9637 
40 
235. The decimal numbers in the blocks of the 9K CN aan 
periodic table represent the : NK 6.7302 40.9618 


236. What is the average atomic mass of lithium 
that is 7.59% lithium-6 (mass of 6.0151 amu) 
and 92.41% lithium-7 (mass of 7.0160 amu)? 
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Part 
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I: The Questions 


240. What is the average atomic mass of iron, 
given the information in the following 
table? 

Isotope Percent Atomic Mass 
Abundance (amu) 

5 Fe 5.845 53.9396 

56 Fe 91.754 55.9349 

3 Fe 2.119 56.9354 

38 Fe 0.282 57.9333 

241. What is the average atomic mass of kryp- 
ton, given the information in the following 
table? 

Isotope Percent Atomic Mass 
Abundance (amu) 

Kr 0.350 77.9204 

3 Kr 2.28 79.9164 

82 Kr 11.58 81.9135 

3 Kr 11.49 82.9141 

Kr 57.00 83.9115 

3 Kr 17.30 85.9106 

242. Ifthe average atomic mass of boron is 


10.81 amu, what is the percent abundance 
of boron-11 (mass of 11.009306 amu) if the 
only other isotope is boron-10 (mass of 
10.012937 amu)? 


Nuclear Reactions and 


Nuclear Decay 


243-252 Answer the question on aspects of nuclear 
reactions and nuclear decay. 


243. 


244. 


245. 


246. 


247. 


248. 


What is the primary nuclear process that 
occurs in the sun? 


In which nuclear process does a nucleus 
split into two or more smaller elements and 
possibly some extra neutrons? 


What is it called when a helium nucleus is 
ejected from the nucleus of an atom during 
a nuclear reaction? 


When a 97 ray is a byproduct of a nuclear 
reaction, what nuclear process has 
occurred? 


What is the isotope (nuclear) notation for a 
particle that is produced from beta decay? 


A {e particle is a product of which nuclear 
reaction? 
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249. 'Be+ ?e— }Liis an example of what type 256. rs @Irt 
of nuclear reaction? 


257. + $e-— BNb 
250. *8U > ™Th+ {He is an example of what 
type of nuclear reaction? 


258. ?H+ — 3He+ gn 


251. SCo > %Co+ fy is an example of what type 
of nuclear reaction? 


259. ‘He+4N>___+!H 
252. @P—+ “5+ eis an example of what type of 


nuclear reaction? 


260. 73U+in— 4 Xe+ Sr + 


Completing Nuclear 


Reactions 


253-260 Determine the missing part of the equation. 961-270 Answer the question on half-lives. 


Half-Lives 


253. ___ > *Rn+>He 261. After five half-lives, how many grams of a 
400.-g radioactive sample remain 
undecayed? 


254. Cm > + 3He 


262. After three half-lives, how many grams of a 
50.0-g radioactive sample have decayed? 


255. *\Pus +’ Am 
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263. 


264. 


265. 


266. 


Part l: The Questions 


If 5.15 g of a radioactive sample remains 
undecayed after six half-lives, how many 
grams were in the original sample? 


A radioactive sample starts with 1.500 x 10° 
undecayed atoms. When measured again at 
a later date, the sample has 9.375 x 10!8 
undecayed atoms. How many half-lives 
have passed? 


What fraction of a sample remains unde- 
cayed after 39 hours if the half-life of the 
sample is 13 hours? 


Iodine-131 has a half-life of 8.02 days. If the 
original sample contained 25.0 g of iodine- 
131, how many grams have decayed after 
56.14 days? 


267. 


268. 


269. 


270. 


Strontium-90 has a half-life of 28.9 years. 
How many grams were in the original 
sample if 11 g remain undecayed after 
115.6 years? 


In 5 minutes, a radioactive sample decays 
from 2.56 x 10! atoms to 8.00 x 108 atoms. 
How long is the isotope’s half-life? 


What fraction of a sample has decayed after 
320 days if the half-life of the sample is 
160 days? 


If a radioactive sample decays from 2.5 kg 
to 0.61 g and the isotope has a half-life of 
9.35 hours, how much time has passed? 


Chapter 5 
Periodicity and the Periodic Table 


J periodic table is much more than a simple listing of the symbols of the elements with 
additional information about each element. The position of an element on the periodic 

table indicates many of the element’s properties. In addition, the position gives information 
on how the properties of an element relate to those of its neighbors. However, watch out for 
exceptions to the general trends. 


The Problems Vou’ll Work On 


In this chapter, you work with periodicity and the periodic table in the following ways: 


1# Recognizing element symbols 
Understanding the structure of the periodic table 


Identifying periodic trends 


Note: For reference, you can find the periodic table in the Appendix. 


What to Watch Out For 


Don’t let common mistakes trip you up; remember the following when working on periodic- 
ity and the periodic table: 

The position of an element on the periodic table gives important information. 

Don’t confuse periods (rows) with groups (columns). 


Learn the basic periodic trends. Note that hydrogen is an exception to nearly all trends 
and that the top member of each group on the periodic table shows a slight variation 
to most trends. 
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Part l: The Questions 


Element Symbols and Names 
271-290 Check your knowledge of the symbols and 


names of elements on the periodic table. 


271. 


272. 


273. 


274. 


275. 


276. 


277. 


What is the symbol for the element 
carbon? 


What is the symbol for the element 
chlorine? 


What is the symbol for the element 
aluminum? 


What is the symbol for the element 
cadmium? 


What is the symbol for the element 
copper? 


What is the symbol for the element 
arsenic? 


What is the symbol for the element 
sodium? 


278. 


279. 


280. 


281. 


282. 


283. 


284. 


285. 


What is the symbol for the element 
potassium? 


What is the symbol for the element iron? 


What is the symbol for the element silver? 


What is the name of the element that has 
the symbol N? 


What is the name of the element that has 
the symbol S? 


What is the name of the element that has 
the symbol Br? 


What is the name of the element that has 
the symbol P? 


What is the name of the element that has 
the symbol Mn? 
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286. What is the name of the element that has 293. Where on the periodic table are the alkaline 
the symbol At? earth metals located? 

287. What is the name of the element that has 294. Where on the periodic table are the transi- 
the symbol Ra? tion metals located? 

288. What is the name of the element that has 295. Where on the periodic table are the noble 
the symbol Hg? gases located? 

289. What is the name of the element that has 296. Where on the periodic table are the inner 
the symbol Sn? transition metals located? 

290. What is the name of the element that has 297. Where on the periodic table are the alkali 
the symbol Pa? metals located? 


98. Which chemist is most often recognized for 


Structure of the Periodic Table niz 
basing the arrangement of the periodic 


291-310 Answer the questions on the structure of the table on atomic mass and other physical 
periodic table. properties of the elements? 


N 


291. A period goes in which direction on the 
periodic table? 


299. Which scientist placed the elements in 
order of increasing atomic number on the 
periodic table? 


292. Where are the metalloids located in the 
periodic table? 
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Part l: The Questions 


300. 


301. 


302. 


303. 


306. 


305. 


306. 


Where on the periodic table are most of the 
elements that exist as gases at room 
temperature? 


To which family does the element potas- 
sium belong? 


To which family does the element silver 
belong? 


To which family does the element selenium 
belong? 


To which family does the element tin 
belong? 


To which family does the element iodine 
belong? 


To which family does the element calcium 
belong? 


307. 


308. 


309. 


310. 


To which family does the element aluminum 
belong? 


To which family does the heaviest naturally 
occurring element belong? 


Which family of elements contains the only 
metal that’s liquid at room temperature? 


Which family of elements contains the only 
nonmetal that’s liquid at room 
temperature? 


Periodic Trends 


311-330 Examine your knowledge of periodic 


trends. 


311. 


312. 


Members of which family have three 
valence electrons? 


Members of which family have five valence 
electrons? 


313. 


314. 


315. 


316. 


317. 


Members of which family have two valence 
electrons? 


The atomic masses of the elements gener- 
ally (increase/decrease/remain 
the same) going from left to right in a period 
and (increase/decrease/remain 
the same) going down a family. 


The atomic radii of the elements 
(increase/decrease/remain the same) going 
from left to right in a period and 
(increase/decrease/remain the same) going 
down a family. 


What term describes the amount of energy 
needed to remove an electron from a gas- 
eous atom? 


What term describes the energy change 
that results from adding an electron to a 
gaseous atom or ion? 
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318. 


319. 


320. 


321. 


322. 


323. 


The ionic radius of an anion is 

(larger than/smaller than/the same size as) 
the atomic radius of the neutral atom 
because the ion has___——_—s(morre/ 
fewer/an equal number of) electrons com- 
pared to the atom. 


The atomic radii of the elements 
(increase/decrease/remain the same) going 
from left to right in a period because the 
effective nuclear charge 
(increases/decreases). 


Rank the following elements from smallest 
to largest atomic radius: Ba, Be, Ca. 


Rank the following elements from smallest 
to largest atomic radius: Cl, P, S. 


Rank the following elements from lowest to 
highest ionization energy: B, C, Li. 


Rank the following elements from lowest to 
highest ionization energy: Br, Cl, I. 
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324. 


325. 


326. 


327. 


Part l: The Questions 


Rank the following elements from lowest to 
highest electron affinity: F, O, N. 


Rank the following elements from lowest to 
highest electron affinity: S, Se, Te. 


Rank the following elements from most to 
least metallic character: Cl, Si, Sn. 


Rank the following elements from smallest 
to largest atomic radius: K, Mg, Na. 


328. 


329. 


330. 


Rank the following ions from largest to 
smallest ionic radius: F-, O%, S%-. 


Rank the following elements from highest to 
lowest ionization energy: Cs, F, Li. 


Rank the following elements from lowest to 
highest ionization energy: Ba, Bi, N. 


Chapter 6 
lonic Bonding 


onic compounds usually contain a metal (from the left side of the periodic table) anda 

nonmetal (from the right side of the periodic table, other than the noble gases). Some 
ionic compounds contain polyatomic ions, such as the sulfate ion SO,?-. Ternary com- 
pounds technically contain three elements; however, more may be present. The names of 
ionic compounds consist of two or more words. The last word in the name of a binary com- 
pound has an -ide suffix. The last word in the name of a ternary compound usually has an 
-ite or an -ate suffix. Pure acids are generally not ionic, but they produce ions in solution. 


The Problems Vou’ll Work On 


In this chapter, you work with ionic bonding in the following ways: 


Naming binary compounds 
Naming ternary compounds 


Writing formulas for ionic compounds 


Note: See the Appendix if you need to check the periodic table. 


What to Watch Out For 


Remember the following when working on ionic bonding problems: 


The names of inorganic compounds normally consist of two words. 
All simple binary compounds have an -ide suffix on the second word in the name. 


The -ide suffix is not common in compounds containing three or more elements. Most 
compounds containing three or more elements have either an -ite or -ate suffix. 


Don’t use multiplying prefixes, such as di- and tri-, for ionic compounds. 
If you use the “crisscross” rule, don’t forget to reduce. 


Acids follow their own rules for naming. 
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Part l: The Questions 


Naming Binary Compounds 
331-347 Name the binary ionic compound given the 


formula. 


331. 


332. 


333. 


334. 


335. 


336. 


337. 


338. 


What is the name of NaCl? 


What is the name of CaO? 


What is the name of AIBr,? 


What is the name of K,S? 


What is the name of Al,O,? 


What is the name of Li,N? 


What is the name of Mgl,? 


What is the name of SrSe? 


339. 


340. 


341. 


342. 


343. 


344. 


345. 


346. 


347. 


What is the name of BaF,? 


What is the name of NaH? 


What is the name of Zn,P,? 


What is the name of CuBr,? 


What is the name of AuCl,? 


What is the name of CoS? 


What is the name of MnF,? 


What is the name of Hg.],? 


What is the name of SnO,? 
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Naming Compounds with 


Polyatomic Ions 


348-364 Name the compounds containing 
polyatomic tons. 


348. 


349. 


350. 


351. 


352. 


353. 


354. 


What is the name of NaClO? 


What is the name of KOH? 


What is the name of SrSO,? 


What is the name of CaCO,? 


What is the name of AIPO,? 


What is the name of NaClO,? 


What is the name of GaPO,? 


355. 


356. 


357. 


358. 


359. 


360. 


361. 


362. 


What is the name of NH,C1? 


What is the name of ZnSO,? 


What is the name of (NH,),C,O,? 


What is the name of KMnO,? 


What is the name of Be(NO,),? 


What is the name of Cu(CN),? 


What is the name of AgBrO? 


What is the name of (NH,),PO,? 
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Part l: The Questions 


363. What is the name of Ni,(SO,),? 


364. What is the name of Pb(C,H,0,),? 


Writing Formulas of Binary 


Compounds 


365-390 Give the chemical formula for the binary 
ionic compound. 


365. 


366. 


367. 


368. 


What is the chemical formula for cesium 
chloride? 


What is the chemical formula for indium(IID 
fluoride? 


What is the chemical formula for magne- 
sium oxide? 


What is the chemical formula for barium 
bromide? 


369. 


370. 


371. 


372. 


373. 


374. 


375. 


What is the chemical formula for potassium 
iodide? 


What is the chemical formula for aluminum 
chloride? 


What is the chemical formula for 
chromium(lIN fluoride? 


What is the chemical formula for ironi) 
sulfide? 


What is the chemical formula for copper) 
nitride? 


What is the chemical formula for lead(I) 
oxide? 


What is the chemical formula for nickel() 
selenide? 


376. 


377. 


378. 


379. 


380. 


381. 


382. 


What is the chemical formula for silver 
oxide? 


What is the chemical formula for strontium 
bromide? 


What is the chemical formula for magne- 
sium nitride? 


What is the chemical formula for lithium 
hydride? 


What is the chemical formula for zinc 
chloride? 


What is the chemical formula for 
chromium(I sulfide? 


What is the chemical formula for 
manganese(II) selenide? 


383. 


384. 


385. 


386. 


387. 


388. 


389. 


Chapter 6: lonic Bonding 


45 


What is the chemical formula for tindV) 
fluoride? 


What is the chemical formula for copper) 
iodide? 


What is the chemical formula for nickel(IID 
phosphide? 


What is the chemical formula for aluminum 
selenide? 


What is the chemical formula for tindV) 
oxide? 


What is the chemical formula for calcium 
phosphide? 


What is the chemical formula for iron(II 
oxide? 
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Part l: The Questions 


390. What is the chemical formula for 
manganese(IV) sulfide? 


Writing Formulas of 


Compounds with 
Polyatomic Ions 


391-420 Give the formula for the compound 
containing a polyatomic ion. 


391. What is the chemical formula for rubidium 


hypochlorite? 


392. What is the chemical formula for beryllium 


carbonate? 


393. What is the chemical formula for aluminum 


phosphite? 


394. What is the chemical formula for sodium 


hydrogen carbonate? 


395. What is the chemical formula for sodium 


hydroxide? 


396. 


397. 


398. 


399. 


400. 


401. 


402. 


What is the chemical formula for potassium 
hydrogen sulfate? 


What is the chemical formula for lithium 
perchlorate? 


What is the chemical formula for barium 
oxalate? 


What is the chemical formula for 
chromium(III arsenate? 


What is the chemical formula for silver 
nitrate? 


What is the chemical formula for leaddl) 
sulfite? 


What is the chemical formula for thallium) 
bromite? 


403. 


406. 


405. 


406. 


407. 


408. 


509. 


What is the chemical formula for golddID 
phosphate? 


What is the chemical formula for iron(II) 
sulfate? 


What is the chemical formula for calcium 
thiosulfate? 


What is the chemical formula for sodium 
peroxide? 


What is the chemical formula for ammo- 
nium nitrite? 


What is the chemical formula for beryllium 
chlorite? 


What is the chemical formula for sodium 
cyanide? 


410. 


411. 


412. 


413. 


414. 


415. 


416. 
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What is the chemical formula for magne- 
sium permanganate? 


What is the chemical formula for ammo- 
nium dichromate? 


What is the chemical formula for cobalt(II) 
periodate? 


What is the chemical formula for lead(IV) 
oxalate? 


What is the chemical formula for calcium 
hydrogen phosphate? 


What is the chemical formula for iron(II 
acetate? 


What is the chemical formula for potassium 
thiocyanate? 


48 Part l: The Questions 


417. What is the chemical formula for copper(I) 4179. What is the chemical formula for gold() 
hydrogen sulfite? cyanate? 


418. What is the chemical formula for 420. What is the chemical formula for aluminum 
mercury(II) peroxide? dihydrogen phosphate? 


Chapter 7 
Covalent Bonding 


n intro-level chemistry courses, most covalent compounds contain only nonmetals (ele- 

ments to the right on the periodic table plus hydrogen). As with ionic compounds, the 
last word in the name of a covalent compound has an -ide suffix. Unlike ionic compounds, 
multiplying prefixes are typically present. For example, the compound S,Cl, is disulfur 
dichloride, which uses the multiplying prefix di- twice. Organic compounds are another 
major group of covalent compounds, but they’re beyond the scope of this text. 


The Problems Vou’ll Work On 


In this chapter, you work with covalent bonding in the following ways: 


w Naming compounds containing covalent bonds 


Writing formulas for covalent compounds 


Note: You can go to the Appendix if you need to check the periodic table. 


What to Watch Out For 


Don’t let common mistakes trip you up; remember the following when working on covalent 
bonding: 

The names of inorganic compounds normally consist of two words. 

All simple binary compounds have an -ide suffix on the second word in the name. 

1” The -ite and -ate suffixes normally don’t occur in covalent compounds. 


1” The names of covalent compounds use multiplying prefixes, such as di- tri-, tetra-, 
and penta-. The prefix mono- is rarely used anymore. 


Acids follow their own rules for naming. 


5 0 Part I: The Questions 


427. How many atoms does the prefix 
mono- represent? 


Prefixes in Covalent- 


Compound Names 


421-430 Review the prefixes associated with 
covalent compounds. 


428. How many atoms does the prefix 
421. How many atoms does the prefix penta- represent? 
di- represent? 


429. How many atoms does the prefix 
422. How many atoms does the prefix octa- represent? 
hexa- represent? 


430. How many atoms does the prefix 
423. How many atoms does the prefix deca- represent? 
hepta- represent? 


424. How many atoms does the prefix Naming Covalent Compounds 


tetra- represent? 431-455 Provide the name of the specific covalent 
compound. 


431. What is the name of CO? 


425. How many atoms does the prefix 
nona- represent? 


432. What is the name of SBr,? 


426. How many atoms does the prefix 
tri- represent? 


433. What is the name of ICI? 
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436. 


435. 


436. 


437. 


438. 


439. 


440. 


441. 


What is the name of SO,,? 


What is the name of PCI,? 


What is the name of XeF,? 


What is the name of SF,? 


What is the name of CBr,? 


What is the name of BC1,? 


What is the name of SiO,? 


What is the name of AsCl,? 


442. 


443. 


444. 


445. 


446. 


447. 


448. 


449. 


What is the name of SbCl? 


What is the name of Sil,? 


What is the name of NF,? 


What is the name of CS,? 


What is the name of ClO,? 


What is the name of XeO,? 


What is the name of H,O? 


What is the name of SeF,? 
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Part l: The Questions 


450. What is the name of S,Cl,? 


451. 


452. 


453. 


454. 


455. 


What is the name of N,0,? 


What is the name of P,O,? 


What is the name of B,C1,? 


What is the name of BrF,? 


What is the name of S,F,,? 


Writing Formulas of Covalent 


Compounds 


456-480 Give the chemical formulas of specific 
covalent compounds. 


456. 


What is the chemical formula of silicon 
tetrabromide? 


457. 


458. 


459. 


460. 


461. 


462. 


463. 


What is the chemical formula of nitrogen 
triiodide? 


What is the chemical formula of carbon 
dioxide? 


What is the chemical formula of arsenic 
pentafluoride? 


What is the chemical formula of nitrogen 
monoxide? 


What is the chemical formula of sulfur 
trioxide? 


What is the chemical formula of chlorine 
monofluoride? 


What is the chemical formula of xenon 
tetrafluoride? 


466. 


465. 


466. 


467. 


468. 


469. 


470. 


What is the chemical formula of nitrogen 
dioxide? 


What is the chemical formula of carbon 
tetrachloride? 


What is the chemical formula of iodine 
heptafluoride? 


What is the chemical formula of phospho- 
rus tribromide? 


What is the chemical formula of selenium 
tetrafluoride? 


What is the chemical formula of chlorine 
dioxide? 


What is the chemical formula of boron 
trifluoride? 


471. 


472. 


473. 


474. 


475. 


476. 


477. 
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What is the chemical formula of dinitrogen 
pentoxide? 


What is the chemical formula of diphospho- 
rus trioxide? 


What is the chemical formula of dinitrogen 
dichloride? 


What is the chemical formula of tetraphos- 
phorus decoxide? 


What is the chemical formula of arsenic 
trifluoride? 


What is the chemical formula of dinitrogen 
oxide? 


What is the chemical formula of tetraphos- 
phorus trioxide? 


5h Part I: The Questions 


478. What is the chemical formula of xenon 480. What is the chemical formula of dichlorine 
trioxide? heptoxide? 


479. What is the chemical formula of antimony 
pentachloride? 


Chapter 8 
Molecular Geometry 


] he difference in the electronegativity between two atoms is an indicator of the polar- 
ity of the bond between the elements. The difference ranges from 0 to about 3, and the 
bond ranges from nonpolar to polar to ionic. 


The position of an element on the periodic table indicates the number of valence electrons 
on an atom. The key to a Lewis dot diagram is the sum of the valence electrons of all atoms 
in a species plus electrons indicated by the charge on an anion (negative ion) or minus elec- 
trons indicated by the charge on a cation (positive ion). A correct diagram must indicate all 
of these electrons. The bonds and lone pairs around an atom in a Lewis dot diagram indi- 
cate the shape and polarity of the species. 


The Problems Vou’ll Work On 


In this chapter, you work with molecular geometry in the following ways: 


Counting electrons in Lewis dot diagrams 
Predicting bond types based on electronegativity values 
Recognizing molecular shapes 


Identifying polarity in bonds and molecules 


Note: For access to the periodic table, see the Appendix. 


What to Watch Out For 


Remember the following when working on molecular geometry: 
1#” The Lewis structure must account for all valence electrons plus or minus electrons 
gained or lost to form ions. 
Know the basic geometries and which geometries are inherently polar. 


1” The bond between two different atoms is likely to be polar. Some bonds are so polar 
they’re ionic. 
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Part l: The Questions 


The farther apart two nonmetals are on the periodic table, the more polar the bond. 
Hydrogen is an exception; its electronegativity falls between boron’s and carbon’s on 


the periodic table. 


Predicting the correct molecular shape relies on having a correct Lewis structure. 
Second-period elements never have more than an octet of electrons. 


Valence Electrons 


481-490 Answer the following questions concerning 


valence electrons. 


481. 


482. 


483. 


484. 


485. 


How many electrons are in the Lewis dot 
diagram of a boron atom? 


How many electrons are in the Lewis dot 
diagram of a barium atom? 


How many electrons are in the Lewis dot 
diagram of a chlorine atom? 


How many electrons are in the Lewis dot 
diagram of an O7 ion? 


How many electrons are in the Lewis dot 
diagram of a sodium ion? 


486. 


487. 


488. 


489. 


Which group on the periodic table contains 
atoms that have the following Lewis dot 
diagram? 


Which group on the periodic table contains 
atoms that have the following Lewis dot 
diagram? 


X: 


Which group on the periodic table contains 
atoms that have the following Lewis dot 
diagram? 


Which group on the periodic table contains 
atoms that have the following Lewis dot 
diagram? 


X: 


490. Which group on the periodic table contains 


| | 


atoms that have the following Lewis dot 
diagram? 


Predicting Bond Types 


491-501 Predict the type of bond. 


491. 


492. 


493. 


596. 


What is the name for a measure of an 
atom’s strength to attract a bonding pair 
of electrons? 


What kind of bond forms between elements 


with the same or nearly the same 
electronegativity? 


What kind of bond forms between elements 


when the electronegativity difference is 
moderate? 


For the representative elements, metals 
are expected to havea 
higher) electronegativity, and nonmetals 
are expected to havea 

higher) electronegativity. 


(lower/ 


(lower/ 


495. 


496. 


497. 


598. 


499. 


500. 
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Based on their relative electronegativity 
values, what type of bond will form 
between carbon and bromine? 


Based on their relative electronegativity 
values, what type of bond will form 
between carbon and fluorine? 


Based on their relative electronegativity 
values, what type of bond will form 
between chlorine and fluorine? 


Based on their relative electronegativity 
values, what type of bond will form 
between boron and hydrogen? 


Based on their relative electronegativity 
values, what type of bond will form 
between carbon and hydrogen? 


Based on their relative electronegativity 
values, what type of bond will form 
between phosphorus and fluorine? 
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Part l: The Questions 


501. 


Arrange the following bonds in order of 
increasing polarity. 


Si-Cl, S-C1, O-S 


Basic Molecular Shapes 


502-521 The following questions cover basic 
molecular shapes. 


502. What term best describes the shape of the 


503. 


506. 


following molecule? 


A 


What term best describes the shape of the 
following molecule? 


o—o—eo 


What term best describes the shape of the 
following molecule? 


A 


505. 


506. 


507. 


508. 


509. 


510. 


What term best describes the shape of the 
following molecule? 


A 


What term best describes the shape of the 
following molecule? 


O-Oe 


What term best describes the shape of the 
following molecule? 


What molecular shape has bond angles that 
are approximately 180°? 


What molecular shape has bond angles that 
are approximately 120°? 


What molecular shape has bond angles that 
are approximately 109.5°? 


511. 


512. 


513. 


514. 


515. 


516. 


517. 


What is the molecular shape of boron tri- 
chloride, BCI,? 


What is the molecular shape of bromine, 
Br,? 


What is the molecular shape of methane, 
CH,? 


What is the molecular shape of water, 
H,0? 


What is the molecular shape of ammonia, 
NH,? 
3? 


What is the molecular shape of carbon 
dioxide, CO,? 


Why does water, H,O, have a bent molecu- 
lar shape? 


518. 


519. 


520. 


521. 


Exceptional Molecular Shapes 


Chapter 8: Molecular Geometry 


Why does nitrogen trifluoride, NF,, have a 
trigonal pyramidal molecular shape? 


Why does carbon dioxide, CO,, have a 
linear molecular shape? 


Why does carbon tetrachloride, CCl, have 
a tetrahedral molecular shape? 


Why does boron trifluoride, BF,, have a 
trigonal planar molecular shape? 


522-536 The following questions deal with 
exceptional molecular shapes. 


522. 


What term best describes the following 
molecular shape? 


XK 
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523. What term best describes the following 
molecular shape? 


sp. 


524. What term best describes the following 
molecular shape? 


f 


© © 


525. What term best describes the following 
molecular shape? 


OK 


526. What term best describes the following 
molecular shape? 


527. What term best describes the following 
molecular shape? 


528. 


529. 


530. 


531. 


532. 


533. 


534. 


What molecular shape has bond angles 
between atoms that are 90°, 120°, and 180°? 


Which molecular shape has 109.5° bond 
angles? 


What is the molecular shape of sulfur tetra- 
fluoride, SF,? 


What is the molecular shape of phosphorus 
pentachloride, PCI,? 


What is the molecular shape of bromine 
pentafluoride, BrF.? 


What is the molecular shape of sulfur hexa- 
fluoride, SF,? 


What is the molecular shape of xenon tetra- 
fluoride, XeF,? 


535. What is the molecular shape of chlorine 
trifluoride, CIF,? 


536. What are the electron geometry and the 
molecular shape of xenon difluoride? 


Polarity of Molecules 


537-545 These questions deal with the polarity of 
molecules. 


537. What do you need to know about a mole- 
cule to determine its polarity? 


538. H, contains a (nonpolar/polar) 
bond and is a (nonpolar/polar) 
molecule. 

539. HCI contains a (nonpolar/polar) 
bond and is a (nonpolar/polar) 
molecule. 

540. CCI, contains (nonpolar/polar) 
bonds and is a (nonpolar/polar) 


molecule. 


541. 


542. 


543. 


544. 


545. 


NH, contains 
bonds and is a 
molecule. 


SeCl, contains 
bonds and is a 
molecule. 


XeO, contains 
bonds and is a 
molecule. 


ICI, contains 
bonds and is a 
molecule. 
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(nonpolar/polar) 
(nonpolar/polar) 


(nonpolar/polar) 
(nonpolar/polar) 


(nonpolar/polar) 
(nonpolar/polar) 


(nonpolar/polar) 
(nonpolar/polar) 


Which of the following molecules are 


polar? 


CO,, OF,, BF, NBr,, PCL, KrF,, SnH,, IF; 
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Chapter 9 
Chemical Reactions 


Fis chemical reaction begins with the formula of one or more substances (reactants) 
followed by an arrow and ends with the formula of one or more substances (products). 
There are many types of chemical reactions; however, only a few basic types appear in this 
chapter. Redox reactions tend to be more difficult to balance than the other reactions here, 
so you use a systematic approach to balance most redox reactions. 


The Problems Vou'll Work On 


In this chapter, you work with chemical reactions in the following ways: 


Identifying types of reactions 
Balancing chemical equations 


Balancing redox reactions 


Note: See the Appendix if you need to check the periodic table. 


What to Watch Out For 


Remember the following when working on chemical reactions: 


1# When balancing equations, never change a chemical formula; change only the coefficients. 


There are only a few basic reaction types here, so don’t invent new ones. But note that 
a reaction may fit into more than one category. 


 lonic equations contain ions. 
 Acid-base reactions always produce a salt and usually produce water. 


Redox reactions must have an oxidation and a reduction. 
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Classifying Reactions from 


Chemical Equations 


546-555 Given the chemical equation, name 
the type of reaction (combination, combustion, 
decomposition, single displacement, or double 
displacement). 


546. What type of reaction is the following 


547. 


548. 


549. 


550. 


reaction? 


2NaCl > 2Na + Cl, 


What type of reaction is the following 
reaction? 


2Na + 2HCI > H, + 2NaCl 


What type of reaction is the following 
reaction? 


Ca+S— CaS 


What type of reaction is the following 
reaction? 


2C,H, +50, > 4CO, +2H,0 


What type of reaction is the following 
reaction? 


KOH + HNO, —> KNO, +H,0 


551. 


552. 


553. 


554. 


555. 


What type of reaction is the following 
reaction? 


2H, +O, > 2H,0 


What type of reaction is the following 
reaction? 


CH, +20, > CO,+2H,0 


What type of reaction is the following 
reaction? 


N; +3H, > 2NH, 


What type of reaction is the following 
reaction? 


2H,0, > 2H,0+0, 


What type of reaction is the following 
reaction? 


K + AgCl > KCI + Ag 


Classifying Reactions from 


Word Equations 


556-565 Given the word equation, name the type 
of chemical reaction (combination, combustion, 
decomposition, single displacement, or double 
displacement). 


556. 


What type of reaction is the following 
reaction? 


aluminum + oxygen —> aluminum oxide 


557. 


What type of reaction is the following 
reaction? 


sodium hydroxide + lead(II) nitrate > 
sodium nitrate + lead(II) hydroxide 


558. 


What type of reaction is the following 
reaction? 


magnesium + hydrogen chloride > 
magnesium chloride+ hydrogen gas 


559. What type of reaction is the following 
reaction? 


mercury (II) oxide —> mercury + oxygen gas 


560. 


561. 


562. 


563. 


564. 
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What type of reaction is the following 
reaction? 


butane + oxygen gas > 
carbon dioxide gas + water vapor 


What type of reaction is the following 
reaction? 


iron + copper(II) chloride > 
iron(II) chloride + copper 


What type of reaction is the following 
reaction? 


sodium bicarbonate — sodium oxide + 
water vapor + carbon dioxide gas 


What type of reaction is the following 
reaction? 


ethanol + oxygen gas > 
carbon dioxide gas + water vapor 


What type of reaction is the following 
reaction? 


calcium oxide + water — calcium hydroxide 
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565. What type of reaction is the following 


reaction? 


carbon monoxide + oxygen gas — carbon dioxide gas 


Predicting Reactions 


566-575 Given the reactants, predict the type of 
chemical reaction. 


566. 


567. 


568. 


569. 


Predict the type of reaction these reactants 
would undergo: 


Zn + H,S0, > 


Predict the type of reaction this reactant 
would undergo when heated: 


N,0 > 


Predict the type of reaction these reactants 
would undergo: 


Ca(OH), +H,S0, > 


Predict the type of reaction these reactants 
would undergo: 


Li+0, > 


570. 


571. 


572. 


573. 


574. 


575. 


Predict the type of reaction these reactants 
would undergo: 


Predict the type of reaction these reactants 
would undergo: 


silver nitrate + sodium chloride > 


Predict the type of reaction these reactants 
would undergo: 


sodium + hydrogen gas > 


Predict the type of reaction these reactants 
would undergo: 


potassium bromide + chlorine gas > 


Predict the type of reaction this reactant 
would undergo when heated: 


copper(II) hydroxide > 


Predict the type of reaction these reactants 
would undergo: 


aluminum sulfate + calcium phosphate > 
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Balancing Chemical Reactions 


576-585 Balance the chemical reaction. 


576. What are the coefficients of the following 
equation when it’s balanced? 


N,O,3[ JNO, 


577. What are the coefficients of the following 
equation when it’s balanced? 


Mcs, +[ Jel, > [cc +[ ]s,cl, 


578. What are the coefficients of the following 
equation when it’s balanced? 


Na,CO, +[]Cd(NO;), >[]CdcO, +[ NaNO, 


579. What are the coefficients of the following 
equation when it’s balanced? 


1,+[ ]cl, > [JIC 


580. What are the coefficients of the following 
equation when it’s balanced? 


KCI+[]F, > [IKF +[ cl, 


581. 


582. 


583. 


584. 


585. 


[ ]Mg(NO,), +[]K;PO, >[_]Mg;(PO,), +[_]KNO, 


What are the coefficients of the following 
equation when it’s balanced? 


ICH, +[ ]O, >| ]CO, +| ]H;O 


What are the coefficients of the following 
equation when it’s balanced? 


[ ]ca+[ JO, >[ ]Cao 


What are the coefficients of the following 
equation when it’s balanced? 


N,+[_]H, >[_|NH; 


What are the coefficients of the following 
equation when it’s balanced? 


s0,+[ ]0, >[|so, 


What are the coefficients of the following 
equation when it’s balanced? 
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Balancing Reactions from 


Word Equations 


586-595 Given the word equation, balance the 
chemical reaction. 


586. What are the coefficients of the following 


reaction when it’s balanced? 591. 


barium sulfite > barium oxide + sulfur dioxide gas 


587. What are the coefficients of the following 


reaction when it’s balanced? 592. 


silicon carbide + chlorine gas > 
silicon tetrachloride + carbon 


588. What are the coefficients of the following 


. ie 9 
reaction when it’s balanced? 593. 


silver sulfate + copper(II) chlorate > 


silver chlorate + copper(II) sulfate 


589. What are the coefficients of the following 594. 


reaction when it’s balanced? 


calcium carbonate + hydrogen chloride > 
calcium chloride + water + carbon dioxide 


590. 


What are the coefficients of the following 
reaction when it’s balanced? 


boron + oxygen gas —> diboron trioxide 


What is the sum of the coefficients of the 
following reaction when it’s balanced? 


sodium + iodine — sodium iodide 


What is the sum of the coefficients of the 
following reaction when it’s balanced? 


potassium chlorate > 
potassium chloride + oxygen gas 


What is the sum of the coefficients of the 
following reaction when it’s balanced? 


iron + oxygen gas — iron(II) oxide 


What is the sum of the coefficients of the 
following reaction when it’s balanced? 


calcium nitride + water > 
calcium hydroxide + ammonia 


595. 


What are the coefficients of the following 
reaction when it’s balanced? 


octane (C,H; )+ oxygen gas > 
carbon dioxide + water vapor 


Predicting Products and 


Balancing Reactions 


596-605 Given the reactants, predict the products 
and balance the chemical reaction. 


596. 


597. 


598. 


When the following reaction is completed 
and balanced, what is the coefficient on the 
barium hydroxide? 


iron(II) bromide + barium hydroxide > 


When the following reaction is completed 
and balanced, what is the coefficient on the 
nickeldD) chloride? 


potassium + nickel(II) chloride > 


The compound in the following reaction is 
heated. What is the sum of the coefficients 
when the reaction is completed and bal- 
anced? (Hint: One of the products of heat- 
ing this compound is another form of lead 
oxide.) 


lead(IV ) oxide > 


599. 


600. 


601. 


602. 


603. 
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When the following reaction is completed 
and balanced, what is the coefficient on 
the silver nitrate? 


silver nitrate + aluminum chloride > 


When the following reaction is completed 
and balanced, what is the sum of the coeffi- 
cients? (Hint: The products are two 
elements.) 


nitrogen trichloride > 


Complete and balance the following 
reaction: 


zinc + oxygen gas > 


When the following reaction is completed 
and balanced, what is the sum of the coeffi- 
cients? (Hint: One of the products is 
water.) 


iron(II) oxide + hydrogen gas > 


When the following reaction is completed 
and balanced, what is the coefficient on the 
nitrogen dioxide? (Hint: The products are 
two elements.) 


nitrogen dioxide > 
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605. 
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Complete and balance the following 
reaction: 


silver nitrate + potassium dichromate > 


When the following reaction is completed 
and balanced, what is the coefficient on the 
copper(II) sulfate? 


aluminum + copper(II) sulfate > 


Redox and Acid-Base 


Reactions 


606-621 Answer the following questions on redox 
and acid-base (neutralization) reactions. 


606. 


607. 


608. 


What is the oxidation number of Mn in 
KMn0O,? 


What is the oxidation number of Br in 
NaBrO,? 


What is the oxidation number of Cr in 
Cr072 


609. 


610. 


611. 


612. 


613. 


614. 


What is the oxidation number of S in 
S,0,7? 


When a substance loses electrons during 
the course of a reaction, it goes through 
which process? 


When a substance gains electrons during 
the course of a reaction, it goes through 
which process? 


Which substance in the following forward 
reaction is oxidized? 


Fe+ Zn” = Fe?* +Zn 


Which substance in the following forward 
reaction is reduced? 


2Al+3Fe** — 2Al** + 3Fe 


Which substance in the following forward 
reaction is the reducing agent? 


Cu+2AgNO, — Cu(NO;), +2Ag 


615. 


616. 


617. 


618. 


Which substance in the following forward 
reaction is the oxidizing agent? 


Br, + KOH > KBrO, + KBr+H,O 


How many electrons are necessary to bal- 
ance the following half-reaction that takes 
place in an acidic environment? 


NO, > NO 


How many electrons are necessary to bal- 
ance the following half-reaction that takes 
place in a basic environment? 


Br, > BrO,” 


How many hydrogen ions do you need to 
balance the following oxidation-reduction 
reaction? 


Zn + HAsO, > AsH; + Zn” 


619. 


620. 


621. 
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What is the coefficient of the OH- when the 
following oxidation-reduction reaction is 
balanced? 


Bi” +SnO,” +OH —> Bi+SnO,” +H,0 


What are the coefficients of the following 
reaction when it’s balanced? 


KIO, +KI+H,SO, > K,SO,+1,+H,O 


What is the coefficient of ClO,” when the 
following reaction is balanced? 


MnO, +ClO, > MnO,+ClO, (in basic solution) 
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Chapter 10 
Molar Calculations 


M oles are extremely important to many chemical calculations. Sometimes you need 
to find moles, and in other cases, moles are necessary to find something else. The 
molar mass is useful to convert mass to moles or to convert moles to mass. Converting 
moles to mass is useful in determining the percent composition and percent yield. 
Converting mass to moles is useful in determining empirical and molecular formulas and 
in finding the limiting reactant. 


The Problems Vou’ll Work On 


In this chapter, you work with molar calculations in the following ways: 


Calculating molar mass 

Finding percent composition 

Writing empirical and molecular formulas 
Completing molar calculations 

Finding the percent yield 


1# Working with limiting reactants 


Note: For access to the periodic table, see the Appendix. 


What to Watch Out For 


Remember the following when working on molar calculations: 


Reducing the empirical formula isn’t possible. 
The molecular and empirical formulas may be the same. 


1# Moles may be the answer, but more often, moles are an intermediate. When in doubt, 
change to moles. 


1# A percent yield greater than 100 percent indicates that you (or the experimenter) made 
a mistake. 


The limiting reactant is the key for all subsequent calculations. 


The molar mass has units of grams/mole. 
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Calculating Molar Mass 


622-636 Calculate the molar mass. 


622. 


623. 


624. 


625. 


626. 


627. 


628. 


What is the molar mass of KCl rounded to 
two decimal places? 


What is the molar mass of CaO rounded to 
two decimal places? 


What is the molar mass of AIF, rounded to 
two decimal places? 


What is the molar mass of B,O, rounded to 
two decimal places? 


What is the molar mass of CBr, rounded to 
two decimal places? 


What is the molar mass of NH,Cl rounded 
to two decimal places? 


What is the molar mass of Ba(NO,), 
rounded to two decimal places? 


629. 


630. 


631. 


632. 


633. 


634. 


635. 


What is the molar mass of (NH,),SO, 
rounded to two decimal places? 


What is the molar mass of silver sulfide 
rounded to two decimal places? 


What is the molar mass of sodium carbon- 
ate rounded to two decimal places? 


What is the molar mass of Al,(C,O,), 
rounded to two decimal places? 


What is the molar mass of Zn(NH,),Cl, 
rounded to two decimal places? 


What is the molar mass of CuSO,-5H,O 
rounded to two decimal places? 


What is the molar mass of manganese(II) 
nitrate hexahydrate rounded to two decimal 
places? 


636. What is the molar mass of iron(II) phos- 
phate octahydrate rounded to two decimal 
places? 


Finding Mass Percent 


637-651 Find the percent composition of 
compounds. 


637. What is the mass percent of Na in NaBr 
rounded to two decimal places? 


638. 


What is the mass percent of Sr in SrS 
rounded to two decimal places? 


639. 


What is the mass percent of Cl in KCIO, 
rounded to two decimal places? 


640. What is the mass percent of O in CaC,0, 


rounded to two decimal places? 


641. 


What is the mass percent of S in Na,S,O, 
rounded to two decimal places? 


642. 


643. 


646. 


645. 


646. 


647. 
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What is the mass percent of N in NH,NO, 
rounded to two decimal places? 


What is the mass percent of Li in lithium 
hydrogen carbonate rounded to two deci- 
mal places? 


What is the mass percent of silver in silver 
sulfide rounded to two decimal places? 


What is the mass percent of each element 
in aluminum hydroxide rounded to two 
decimal places? 


What is the mass percent of each element in 
zinc iodate rounded to two decimal places? 


Rank the following compounds in order of 
increasing percent nitrogen content: 


NO, NO,, N,O, N,O,, N,O; 
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648. Rank the following compounds in order of 


649. 


650. 


651. 


decreasing percent carbon content: 


CH, CCL, C,H, K,CO,, CaCO, 


Rank the following compounds in order of 
increasing percent sulfur content: 


KS, K,SO,, K,SO,, K,S,0,, KSCN 


What is the mass percent of water in 
CuSO,-5H,O rounded to two decimal 
places? 


What is the mass percent of oxygen in 
sodium phosphate dodecahydrate rounded 
to two decimal places? (Hint: The prefix 
dodeca- means 12.) 


Empirical Formulas 
652-656 Find the empirical formula. 


652. 


Which of the following compounds could 
be correctly identified as an empirical 
formula? 


C,H,, C,H, C,Hy, C,H,0,, C,H,O, 


653. 


654. 


655. 


656. 


What is the empirical formula of a com- 
pound containing 85.62% C and 14.38% H? 


What is the empirical formula of a com- 
pound containing 10.06 g of carbon, 0.84 g 
of hydrogen, and 89.09 g of chlorine? 


A compound contains 1.4066 g of iron, 
1.3096 g of chromium, and 1.6118 g of 
oxygen. What is the empirical formula of 
the compound? 


A 100.00-g sample of a hydrate lost 18.73 g 
of water when heated. The anhydrous salt 
contains 43.82 g of cadmium and 12.50 g of 
sulfur, and the remaining mass is oxygen. 
What is the empirical formula of the anhy- 
drous salt? 


Molecular Formulas 


657-661 Answer the questions about molecular 
formulas. 


657. Which of the following pairs of compounds 


are correctly matched empirical and molec- 
ular formulas? 


I. CH and CH, 
II. CH and C,H, 
II. C,H, and C,H, 


658. Which of the following pairs of compounds 


659. 


660. 


661. 


are correctly matched empirical and 
molecular formulas? 


I. CO and CO, 
II. CH, and C,H,, 
II. CH,O and C,H,,0, 


If the empirical formula for a compound is 
CH and the molar mass of the compound 
is 78.11 g/mol, what is the molecular 
formula? 


What is the molecular formula of a com- 
pound with a molar mass of 174.20 g/mol 
and with a mass percent composition of 
41.37% carbon, 8.10% hydrogen, 18.39% 
oxygen, and 32.16% nitrogen? 


A compound contains 23.25% carbon, 
1.95% hydrogen, 17.20% oxygen, and 
3.01% nitrogen, and the rest is iodine. 
If the compound has a molar mass of 
approximately 465 g/mol, what are the 
empirical and molecular formulas of 
the compound? 
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Mole Calculations 


662-711 Complete the calculations involving the 
mole. 


662. How many moles of NaCl are in 10.0 g of 
NaCl? 


663. How many moles of BH, are in 5.00 g of BH,? 


664. How many moles of Na,CO, are in 275 g of 
Na,CO,? 


665. How many moles of NH,OH are in 400. g of 
NH,OH? 


666. How many moles are in 99 g of KMn0O,? 


667. How many moles are in 150. g of beryllium 
sulfide? 


18 


668. 


669. 


670. 


671. 


672. 


673. 


674. 


675. 


Part l: The Questions 


How many moles are in 25.0 g of aluminum 
oxide? 


How many moles are in 180. g of carbon 
tetrachloride? 


How many moles are in 320. g of calcium 
phosphide? 


How many moles are in 1.70 g of 
magnesium permanganate? 


How many grams are in 5.25 mol of FeO? 


How many grams are in 0.750 mol of S,C1,? 


How many grams are in 100. mol of KI? 


How many grams are in 42.3 mol of CaCO,? 


676. 


677. 


678. 


679. 


680. 


681. 


682. 


How many grams are in 7.9 mol of 


AI(NO,),? 


How many grams are in 0.15 mol of lead(II) 
nitrate? 


How many grams are in 12 mol of tetraphos- 
phorus decoxide? 


How many grams are in 0.25 mol of 
copper(]) oxide? 


How many kilograms are in 248 mol of zinc 
hydroxide? 


How many kilograms are in 367 mol of 
ammonium sulfate? 


How many atoms are in 0.250 g of He? 


683. 


684. 


685. 


686. 


687. 


688. 


689. 


How many atoms are in 30. g of Al? 


How many molecules are in 200. g of carbon 
dioxide? 


How many molecules are in 0.050 g of 
dinitrogen tetroxide? 


How many atoms are in 250. g of sulfur, S,? 


How many grams are in 9.5 x 1076 molecules 
of Br,? 


How many grams are in 8.306 x 10?! atoms 
of Ni? 


How many grams are in 3.00 x 107 mole- 


cules of C,H,,0,? 


690. 


691. 


692. 


693. 


694. 
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What is the mass of 65,000,000 atoms of 
krypton gas? 


What is the mass of 4.0 x 1022 formula units 
of AuF,, golddID fluoride? 


Given the following equation, how many 
moles of ammonia, NH,, can be produced 
from 5.00 mol of nitrogen gas if there’s an 
excess of hydrogen gas? 


N,(g)+3H»(g)— 2NH;(g) 


Given the following balanced equation, how 
many moles of ammonia, NH,, can be pro- 
duced from 12.0 mol of hydrogen gas if 
there’s an excess of nitrogen gas? 


N.(g)+3H,(g)— 2NH;(g) 


Given the following balanced equation, how 
many moles of nitrogen gas would be neces- 
sary to make 24.0 mol of ammonia, NH,, if 
there’s an excess of hydrogen gas? 


N,(g)+3H,(g)— 2NH;(g) 
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695. Given the following balanced equation, how 
many moles of hydrogen gas would be nec- 
essary to make 36.0 mol of ammonia if 
there’s an excess of nitrogen gas? 


N,(g)+3H,(g)— 2NH;(g) 


696. If 3.00 mol of propane, C,H,, undergoes 
complete combustion according to the fol- 
lowing reaction, how many moles of each 
product are produced? 


C3Hg(g)+50,(g) > 3CO,(g)+4H,0(1) 


697. According to the following reaction, what is 
the maximum number of grams of KCI that 
can be produced from 5.0 g of KCIO,? 


2KCI103(s) > 2KCl(s)+30,(g) 


698. According to the following reaction, what is 
the maximum number of grams of O, that 
can be produced from 5.0 g of KCIO,? 


2KCI103(s) > 2KCI(s)+30,(g) 


699. According to the following reaction, how 
many grams of CaCO, can be produced 
from 20.0 g of Ca(OH),? 


Ca(OH), (aq)+CO,(g)— CaCO3(s)+H,O(1) 


700. According to the following reaction, how 


many grams of NaCl can be produced from 
80.0 g of NaOH? 


HCl(aq)+NaOH(aq)— NaCl(aq)+ H,O(1) 


701. 


702. 


703. 


706. 


Potassium phosphate plus silver nitrate 
forms potassium nitrate and silver phos- 
phate. How many grams of silver phosphate 
can be formed from 5.6 g of silver nitrate 
and an excess of potassium phosphate? 


Sodium hydroxide plus copper(II sulfate 
forms copper(II) hydroxide and sodium 
sulfate. With an excess of copper(II) sulfate, 
how many grams of sodium hydroxide are 
needed to make 10.0 g of copper(II) 
hydroxide? 


When the following reaction is completed and 
balanced, how many grams of zinc are needed 
to react with 74.5 g of hydrogen chloride? 


Zn + HCI —> 


When the following reaction is completed 
and balanced, how many grams of potas- 
sium nitrate will be made when 220 g of cal- 
cium phosphate is produced? 


Ca(NO;), +K;PO, > 


705. When the following reaction is completed 
and balanced, what is the minimum 
number of grams of each reactant needed 
to make 0.25 g of barium dichromate? 


barium chloride + potassium dichromate > 


706. When the following reaction is completed 
and balanced, what is the maximum number 
of grams of product that can be made if 
there are 50.0 g of aluminum and 150. g of 
bromine? (Hint: The reaction has only one 


product.) 


Al+ Br, > 


707. When the following reaction is balanced, 
how many molecules of O, do you need to 


produce 8.02 x 10% molecules of P,O,? 


P+0,—>P,0; 


708. According to the following reaction, how 
many molecules of H,O can be produced 


from 1.69 x 10? molecules of HNO,? 


C(s)+4HNO;(aq)—*>4NO,(g)+CO,(g)+2H,0(1) 


709. Barium sulfite decomposes to form barium 
oxide and sulfur dioxide gas. How many 
molecules of barium sulfite are needed to 
make 3.16 x 10?! molecules of sulfur 


dioxide? 


710. 


711. 
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Iodine gas plus chlorine gas makes iodine 
chloride gas. How many molecules of 
iodine are needed to make 5.28 x 1074 mole- 
cules of iodine chloride? 


According to the following reaction, what 
is the minimum number of molecules of 
octane, C,H,,, needed to make 4.52 x 10% 
molecules of each product, assuming com- 


plete combustion of the octane? 


CH +0; > 00,4+H,0 


Percent Vield 


712-716 Complete the calculations related to 
percent yield. 


712. 


713. 


If the theoretical yield of a product in a 
reaction was 1.358 g and the actual yield is 
1.146 g, what is the percent yield of the 
product? 


A student produced 5.15 g of a product 
during a chemistry experiment. The theo- 
retical yield was 4.95 g. What is the percent 
yield of the product? 
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714. 1f316 g of ammonia produces 1,225 g of 
ammonium bromide by reacting with 
excess hydrogen bromide, what is the per- 
cent yield of this reaction? 


NH, + HBr > NH,Br 


715. Ammonium bromide can be produced 
according to the following reaction: 


3Br, + 8NH, — 6NH,Br + N, 


What is the percent yield of this reaction if 
623 g of ammonia produces 2,341 g of 
ammonium bromide? 


716. A student performed a precipitation reac- 
tion using 0.527 g of BaCl, dissolved in 
water with an excess of Na,SO,. If 0.551 g of 
BaSO, is recovered, what was the percent 
yield of BaSO,? 


Limiting Reactants 


717-721 Perform calculations with limiting 
reactants. 


717. According to the following balanced reac- 
tion, what is the maximum number of 
grams of SO, that can be prepared from 
45.0 mol of SO, and 25.0 mol of O,? 


250, +0, > 250; 


718. 


719. 


720. 


721. 


According to the following unbalanced reac- 
tion, what is the maximum amount of NaCl 
that can be prepared from 106 g of Cl, and 
154 g of NaClO,? 


Cl,+ NaClO, > ClO, + NaCl 


Aluminum combines with oxygen gas to 
form aluminum oxide, Al,O,. If 100.0 g of alu- 
minum reacts with 100.0 g of oxygen, how 
many grams of aluminum oxide are pro- 
duced, and which reactant is the limiting 
reactant? 


A solution containing 155 g of KI is added to 
a solution containing 175 g of nitric acid and 
reacts according to the following equation: 


6KI+8HNO, > 6KNO, + 2NO +31, + 4H,0 


How many grams of NO are produced, and 
which reactant is in excess? 


A mixture containing 50.0 g of hydrogen gas 
and 50.0 g of oxygen gas is sparked and 
allowed to react. Which reactant is the limit- 
ing reactant, how much water is produced, 
and how much of the excess reactant 
remains? 


Chapter 11 
Thermochemistry 


A ll processes involve energy. In this chapter, the key is the energy in chemical 
processes. Adding or removing heat may cause a phase change or a change in 
temperature. The specific heat of a substance is a useful factor relating the energy, mass, 
and temperature change. Calorimetry uses specific heat, temperature change, and mass 

to determine the energy involved in a chemical process. Heats of formation are a useful 
alternative to calorimetry for determining energy changes. Hess’s law allows you to predict 
energy changes when calorimetry or heats of formation are inadequate. 


The Problems Vou'll Work On 


In this chapter, you work with thermochemistry in the following ways: 


Doing temperature conversions 

Interpreting energy and phase changes 

Completing specific heat and calorimetry problems 
Calculating with standard heats of formation 


Finding enthalpy changes with Hess’s law 


What to Watch Out For 


Remember the following when working on thermochemistry: 


Dimensional analysis can be exceedingly useful in thermochemistry. 
Don’t confuse exothermic and endothermic reactions. 


All phase changes involve energy. A phase change is exothermic in one direction and 
endothermic in the reverse direction. 


In calorimetry, the thermometer is part of the surroundings, not the system. When 
the thermometer shows a temperature increase, it’s absorbing energy (endothermic). 
Endothermic to a thermometer is exothermic for the system. 


The heat of formation of an element in its standard state is always 0. 
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Converting Temperatures 


722-731 Convert the temperatures between the 
Celsius and Kelvin scales. 


722. 
723. 
724. 
725. 
726. 


727. 


300°C=___ K 
150°C =__K 
-200°C =__ eK 
-78°C =__ eK 
37°C=___iK 
100K=__ °C 


728. 


729. 


730. 


731. 


300 K=__ °C 
K= °C 

313 K=___ °C = 
233.15 K=_ C= 


°F 
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Phase Changes and Energy 


732-752 Answer the questions on phase changes and the energy associated with the changes. 


732. Which line segment in the graph represents the process of melting? 


Temperature (°C) 


Time (minutes) 


733. Which line segment in the graph represents the process of condensation? 


Temperature (°C) 


Heat removed 
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734. Which line segment in the graph represents the process of heating a liquid substance with no 
phase change? 


Temperature (°C) 


Time (minutes) 


735. Which line segment in the graph represents the process of boiling? 


Temperature (°C) 


Time (minutes) 
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736. Which line segment in the graph represents the process of heating a solid substance with no 
phase change? 


Temperature (°C) 


Time (minutes) 


737. Which line segment in the graph represents the process of freezing? 


Temperature (°C) 


Heat removed 
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738. Which line segment in the graph represents the process of heating a gaseous substance with no 


phase change? 


Temperature (°C) 


739. How much energy, in joules, does it take to 


740. 


741. 


melt 50.0 g of ice at 0°C? The AH, = 334 J/g 
for ice at its melting point. 


What is the energy change, in calories, 
when 100. g of ethanol is frozen at -112°C? 
The AH, = 25 cal/g for ethanol at its melt- 
ing point of -112°C. 


How much energy, in calories, is needed to 
evaporate 50.0 g of water at 100°C? The 
AH = 940 cal/g for water at its boiling 
point. 


Time (minutes) 


742. What is the energy change, in joules, when 


743. 


20.0 g of nitrogen gas is condensed from the 
gaseous state to the liquid state at its boil- 
ing point? The AH = 201 J/g for nitrogen at 
its boiling point of 77K. 


How much energy, in calories, is needed to 
raise the temperature of 10.0 g of steam 
from 102°C to 112°C? The specific heat of 
steam is 0.500 cal/g°C. 


744. 


745. 


746. 


747. 


748. 


How much energy, in joules, is needed to 
raise the temperature of 75.0 g of water 
from 20.°C to 80.°C? The specific heat of 
water is 4.18 J/g°C. 


How much energy, in calories, does it take 
to change 25.00 g of ice at —10.0°C to water 
at 0.0°C? The specific heat of ice is 0.500 
cal/g°C, and Ad,,,, = 80.00 cal/g. 


What is the energy change, in joules, when 
125 g of water is cooled from 25.0°C to ice 
at 0.0°C? The specific heat of water is 

4.18 J/g°C, and AH, , = 334.0 J/g. 


751. 


What is the energy change, in calories, 
when 40.0 g of steam is cooled from 120.0°C 
to 25.0°C? The specific heat of steam is 
0.500 cal/g°C, AH ap = 540.0 cal/g, and the 
specific heat of water is 1.00 cal/g°C. 


752. 


How much energy, in joules, is necessary to 
raise the temperature of 200.0 g of water at 
48.0°C to steam at 122.0°C? The specific 
heat of water is 4.18 J/g°C, AH ap = 2,257 J/g, 
and the specific heat of steam is 2.09 J/g°C. 


749. 


750. 
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How much energy, in calories, is necessary 
to raise the temperature of 36.0 g of ice at 
—40.0°C to steam at 100.0°C? The specific 
heat of ice is 0.500 cal/g°C, the specific heat 
of water is 1.00 cal/g°C, AH,,, = 80.00 cal/g, 
and AH, = 540.0 cal/g. 


What is the energy change, in joules, when 
72.0 g of steam at 120.0°C changes to ice 
at 0.0°C? The specific heat of steam is 

2.09 J/g°C, the specific heat of water 

is 4.18 J/g°C, AH, = 334.0 J/g, and 

AH = 2,257 J/g. 


vap 


How much energy, in joules, is necessary to 
raise the temperature of 4,536 g of ice at 
-78.0°C to steam at 105.0°C? The specific 
heat of ice and steam is 2.09 J/g°C, the spe- 
cific heat of water is 4.18 J/g°C, AH, = 334.0 
J/g, and AF, = 2,257 J/g. 


What is the energy change, in calories, 
when 0.500 g of steam at 150.0°C changes to 
ice at -50.0°C? The specific heat of steam 
and ice is 0.500 cal/g°C, AH ay = 540.0 cal/g, 
AH,,, = 80.00 cal/g, and the specific heat of 
water is 1.00 cal/g°C. 
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758. 


753-762 Complete the calculations involving 
specific heat and calorimetry. 


753. 


754. 


755. 


756. 


757. 


What is the mass of a sample if the absorp- 

tion of 172 calories results in a temperature 
increase of 5.00°C? The specific heat of the 

sample is 0.573 cal/g°C. 


The addition of 197 J to a 22.0-g sample 
results in a temperature increase of 2.15°C. 
What is the specific heat of the sample? 


760. 


What is the temperature change for a 
38.1-g sample following the addition of 
153 calories? The specific heat of the 
sample is 0.217 cal/g°C. 


A 17.35-g sample was heated by 1,148 J. The 
specific heat of the sample is 2.17 J/g°C. 
What is the final temperature of the sample 
if the initial temperature was 15.5°C? 


A 19.75-g sample was heated by 12.35 calo- 
ries. The specific heat of the sample is 0.125 
cal/g°C. What was the initial temperature of 
the sample if the final temperature is 
37.0°C? 


759. 


761. 


A 3.75-g sample with a specific heat of 0.986 
cal/g°C experienced a 2.46°C increase in 
temperature. What was the sample’s energy 
change in calories? 


A 0.326-g sample with a specific heat of 
0.896 J/g°C experienced a 1.37°C decrease in 
temperature. What was the sample’s energy 
change in joules? 


Two samples are placed in contact, and 
heat flows from the warmer sample to the 
cooler one. Sample 1, the cooler sample, 
has a specific heat of 2.18 cal/g°C and 
exhibits a 13.9°C increase in temperature. 
Sample 2 has a specific heat of 1.36 cal/g°C 
and exhibits a 18.8°C decrease in tempera- 
ture. If Sample 1 has a mass of 1.35 g, what 
is the mass of Sample 2? Assume no heat is 
lost to the surroundings. 


Two samples are placed in contact, and 
heat flows from the warmer sample to the 
cooler one. Sample 1, the cooler sample, 
exhibits a 20.1°C increase in temperature. 
Sample 2 has a specific heat of 2.15 J/g°C 
and exhibits a 12.8°C decrease in tempera- 
ture. If Sample 1 has a mass of 1.42 g and 
Sample 2 has a mass of 2.70 g, what is the 
specific heat of Sample 1? Assume no heat 
is lost to the surroundings. 


762. 


Two samples are placed in contact, and 
heat flows from the warmer sample to 
the cooler one. Sample 1, the warmer 
sample, exhibits a 15.0°C decrease in 
temperature. The initial temperature 
of Sample 2 was 25.1°C. Sample 1 has 
a specific heat of 0.581 cal/g°C, and 
Sample 2 has a specific heat of 

0.381 cal/g°C. If Sample 1 has a mass 
of 5.13 g and Sample 2 has a mass of 
4.19 g, what is the final temperature 
of Sample 2? Assume no heat is lost to 
the surroundings. 


763-771 Complete the calculations related to heats 
of formation. Use the following table for these 
problems. 


Standard Heats of Formation 
of Selected Substances 


Substance Formula AH?®, (kJ/mol) 
Ammonia NH,(g) —46 
Boron oxide B,0,(s) —1,274 
Carbon dioxide CO.(g) -394 
Carbon monoxide CO(g) -111 
Chlorine Cl,(g) 0* 
Diamond C(dia) 2 
Ethyl alcohol C,H,OH(I) -271 
Glucose C,H,,0,(s) -1,273 
Graphite Cigr) 0* 
Nitrogen oxide NO(g) 91 
Oxygen 0,(g) 0* 
Water H,0(1) —286 
Water vapor H,0(g) 242 


*The heat of formation for all elements in their standard state is, by 


definition, exactly zero. 


763. 


764. 


765. 


766. 


767. 
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Use standard heats of formation to deter- 
mine the heat of reaction (AH”,,,) for the 
following reaction: 


C(gr)—> C(dia) 


Use standard heats of formation to deter- 
mine the heat of reaction (AH° x) for the 
following reaction: 


C(dia)+0,(g)—> CO,(g) 


Use standard heats of formation to deter- 
mine the heat of reaction (AH° x) for the 
following reaction: 


2CO(g)+02(g)— 2CO,(g) 


Use standard heats of formation to deter- 
mine the heat of reaction (AH° n) for the 
combustion of ammonia: 


4NH;(g)+502(g)— 4NO(g)+6H,0(g) 


Use standard heats of formation to deter- 
mine the heat of reaction (AH° n) for the 


combustion of ethyl alcohol: 


C,H, OH(1) +30, (g)— 2CO,(g)+3H,0(1) 


9] 
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768. Use standard heats of formation to deter- 
mine the heat of reaction (AH® pn) for the 
combustion of glucose: 


CH,20,(s)+60,(g) > 6CO,(g)+6H,0(1) 


769. The heat of reaction for the following reac- 
tion is -76 kJ: 


2NO(g)+Cl,(g)— 2NOCI(g) 


Determine the standard heat of formation 
for nitrosyl chloride (NOCD). 


770. The heat of reaction for the combustion of 
propane is —2,045 kJ. This reaction is 


C3Hg(g)+50,(g)— 3CO,(g)+4H,0(g) 


Determine the standard heat of formation 
of propane. 


771. Ifthe heat of reaction for the following reac- 
tion is —9,090. kJ, what is the standard heat 


of formation of pentaborane-9 (B,H,)? 


2B;H,(g)+120,(g)— 5B,03(s)+9H,O(1) 


Enthalpy Changes with Hess’s 


Law 


772-781 Practice using Hess’s law. This law says 
that the overall enthalpy change of a process is the 
sum of the individual enthalpy changes of the steps 
involved in the process. 


772. Determine the heat of reaction for the fol- 
lowing reaction using Hess’s Law: 


CuCl, (s)+Cu(s)— 2CuCl(s) 


Use these thermochemical equations to find 


the answer: 
2Cu(s)+Cl,(g) > 2CuCl(s) AH = -36 kJ 
CuCl,(s)—> Cu(s)+Cl,(g) AH = 206 kJ 


773. Determine the heat of reaction for the fol- 
lowing reaction using Hess’s law: 


2H,O(1)+2F,(g) > O.(g)+4HF(g) 


Use these thermochemical equations to find 


the answer: 
H,(g)+F,(g)— 2HF(g) AH = -542 kJ 
2H,O(1)—> 2H,(g)+0,(g) AH = 572 kJ 


774. Determine the heat of reaction for the following reaction using Hess’s law: 


2CO(g)+0,(g) > 2CO,(g) 


Use these thermochemical equations to find the answer: 


C(gr)+0,(g)—> CO,(g) AH = -394 kJ 
2CO(g)— 2C(gr)+0.(g) AH = 222 kJ 


775. Determine the heat of reaction for the following reaction using Hess’s law: 


CoH«(g)+40.(g) > 2CO,(g)+3H,0(1) 


Use these thermochemical equations to find the answer: 


CH (g)> C.H,(g)+H2(g) AH =136 kJ 
H,(g)+502(g) > H,0(1) AH = —286 kJ 
C,H, (g)+30,(g)— 2CO,(g)+2H,0(1) AH = -1,411 kJ 


776. Determine the heat of reaction for the following reaction using Hess’s law: 


Mg(s)+H,(g)+0.(g)— Mg(OH),(s) 


Use these thermochemical equations to find the answer: 
MgO(s)+H,O(1) > Mg(OH), (s) AH = -37 kJ 
2Mg(s)+0.(g)— 2MgO(s) AH = -1,204 kJ 
2H,O(1) > 2H,(g)+0,(g) AH = 572 kJ 
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777. Determine the heat of reaction for the following reaction using Hess’s law: 


4NH,(g)+50,(g)— 4NO(g)+6H,O(g) 


Use these thermochemical equations to find the answer: 


N,(g)+3H,(g)— 2NH;(g) AH = -92 kJ 
2H,(g)+0,(g)— 2H,0(g) AH = —484 kJ 
N,(g)+0,(g)— 2NO(g) AH =181kJ 


778. Determine the heat of reaction for the following reaction using Hess’s law: 


CH, (g)+NH;(g)— HCN(g)+3H,(g) 


Use the following thermochemical equations to find the answer: 


H,(g)+2C(gr)+N,(g) > 2HCN(g) AH = 271 kJ 
C(gr)+2H,(g) > CH,(g) AH =-75 kJ 
N: (g)+3H;(g)—>2NH; (g) AH = -92 kJ 


779. Determine the heat of reaction for the following reaction using Hess’s law: 


CH,(g)+4Cl,(g)— CCl,(g)+4HCI(g) 


Use the following thermochemical equations to find the answer: 


H,(g)+Cl,(g)— 2HCI(g) AH = -92 kJ 
C(gr)+2Cl,(g)— CCl,(g) AH = -96 kJ 
C(gr)+2H,(g) > CH,(g) AH =-75 kJ 
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780. Determine the heat of reaction for the following reaction using Hess’s law: 


CO(g)+2H,(g)— CH;OH(1) 


Use the following thermochemical equations to find the answer: 


H,(g)+402(g) > H,0(1) AH = -286 kJ 
C(gr)+402(g) > CO(g) AH =-111kJ 
C(gr)+02(g) > CO2(g) AH = -394 kJ 
CH,OH(1)+30,(g) > CO2(g)+2H,0(1) AH = -727 kJ 


781. Determine the heat of reaction for the following reaction using Hess’s law: 


3NO,(g)+H,0(1) > 2HNO,(aq)+NO(g) 


Use these thermochemical equations to find the answer: 


2NO(g)+0,(g)— 2NO,(g) AH = -173 kJ 
2N,(g)+50,(g)+2H,O(1) > 4HNO; (aq) AH = -255 kJ 
N,(g)+0.(g)— 2NO(g) AH =181 kJ 
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Chapter 12 
Gases 


M ost of the gas laws depend upon various combinations of volume (V), temperature 
(T), pressure (P), and moles (n). In some cases, all four are important; in others, one 
or two are held constant. Although a number of pressure or volume units will work, all tem- 
peratures used in the calculations must be in kelvins. Graham’s law is the only law in this 
chapter that doesn’t depend upon V, T, P, or n. 


The Problems Vou’ll Work On 


In this chapter, you work with gases in the following ways: 


Converting units of pressure 

Using Boyle’s law, Charles’s law, and Gay-Lussac’s law 

Finding pressure, volume, and temperature with the combined gas law 
Relating volume to moles with Avogadro’s law 

Working with the ideal gas law 

Finding partial pressures with Dalton’s law 

Exploring effusion rates with Graham’s law 


Doing stoichiometry calculations 


Note: The Appendix includes a periodic table for reference. 


What to Watch Out For 


Remember the following when working on gases: 
Know the basic forms of the gas laws. Know which gas laws are direct relationships 
and which are inverse relationships. 


All temperatures used in calculations must be in kelvins. A negative kelvin temperature 
is impossible. 


The conversion 22.4 L/mol only works for gases at standard temperature and 
pressure (STP). 
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Converting Pressure Units 


782-789 Convert between the pressure units. 


782. 


783. 


784. 


785. 


786. 


787. 


788. 


How many torr are in 2.5 atm of pressure? 


How many kilopascals are in 0.75 atm of 
pressure? 


How many atmospheres are in 528 mm Hg? 


The pressure in a car tire is 38.7 psi. What is 
the pressure in atmospheres? 


A vessel is pressurized to 5.00 atm. What is 
the pressure in millimeters of mercury? 


How many millimeters of mercury are in 
1,050 torr? 


How many torr are in 3.11 kPa? 


789. 


The pressure exerted by a gas in a bicycle 
tire is 50.0 psi. How many kilopascals is 
that? 


Boyle’s Law 


790-799 Perform the calculations using Boyle’s law. 
This law may be implemented as P,V, = P,V, when 
the gas’s temperature is held constant. 


790. 


791. 


792. 


793. 


The pressure of 5.0 L of a gas changes from 
3.0 atm to 10.0 atm while the temperature 
remains constant. What is the gas’s new 
volume in liters? 


The original pressure of a gas was 765 torr, 
and the volume changed from 17.5 Lto 
12.5 L while the temperature remained 
constant. What is the gas’s new pressure 
in torr? 


The pressure of 44.8 L of a gas changes from 
0.75 atm to 0.25 atm while the temperature 
remains constant. What is the gas’s new 
volume in liters? 


As the volume of a gas changes from 
547 mL to 861 mL, the temperature 
remains constant. If the original pressure 
was 1.75 atm, what is the gas’s new 
pressure in atmospheres? 


794. 


795. 


796. 


797. 


798. 


The pressure of a gas changes from 
95.0 kPa to 211 kPa, and the volume 
changes to 45.0 mL. What was the 
gas’s original volume in milliliters if 
the temperature remained constant 
during the process? 


A gas’s volume changes from 2,645 mL 
to 379 mL while the temperature remains 
constant. If the final pressure is 5.10 atm, 
what was the gas’s original pressure in 
torr? 


The pressure of a gas increased from 1,020 
torr to 7,660 torr while the temperature was 
held constant. If the final volume of the gas 
is 0.210 L, what was the original volume in 
milliliters? 


The volume of a gas decreased from 1.00 L 
to 600. mL while the temperature remained 
constant. If the final pressure is 720. torr, 
what was the gas’s initial pressure in 
atmospheres? 


The pressure of a gas changes from 1.50 
atm to 540 torr, and the volume changes 
to 730 mL. What was the gas’s initial 
volume in liters if the temperature 
remained constant? 
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799. The pressure of a gas changes from 920 mm 
Hg to 2.5 atm while the temperature remains 
constant. If the final volume is 0.34 L, what 
was the gas’s original volume in milliliters? 


800-809 Complete the calculations using Charles’s 
law. You can implement this law as = = = (where 


1 2 
T is in kelvins and pressure is held constant). 


800. Ifa 4.2-L sample of a gas is heated from 
200. K to 400. K while the pressure remains 
constant, what is the new volume in liters? 


801. A gas sample has a volume of 473 mL after 
being heated from 20. K to 40. K at constant 
pressure. What was the gas’s initial volume 
in milliliters? 


802. A gas is cooled from 323 K to 223 K while 
the pressure is held constant. If the final 
volume is 2.50 L, what was the gas’s original 
volume in liters? 


803. A 20.0-L gas sample is held at a constant 
pressure while the temperature drops from 
300. K to 75.0 K. What is the gas’s new 
volume in liters? 
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804. 


805. 


806. 


807. 


808. 


While the pressure is held constant, a 50.0- 
mL sample of a gas is cooled from 100.0°C 
to 50.0°C. What is the gas’s new volume in 
milliliters? 


While the pressure is held constant, the 
volume of a gas sample changes from 
350. mL to 0.100 L. What is the final 
temperature in kelvins if the original 
temperature was 127°C? 


If 981 mL of a gas is heated from 335 K 
at constant pressure and the volume 
increases to 1,520 mL, what will be the 
new temperature in kelvins? 


The volume of a gas decreased from 2.63 L 
to 627 mL, and the final temperature is 
275 K. If the pressure remained constant, 
what was the initial temperature of the gas 
in kelvins? 


The volume of a gas changed from 90.0 mL 
to 10.0 mL while the pressure was held 
constant. If the final temperature of the 
gas is -35°C, what was the initial tempera- 
ture in kelvins? 


809. The volume of a gas increases from 750 mL 
to 3.0 L. If the pressure was held constant 
and the starting temperature was 95°C, 
what will be the new temperature in 
kelvins? 


810-819 Complete the calculations using Gay- 
Lussac’s law. You can implement this law as 
coo = (where T is in kelvins and the volume 


il 2 
is held constant). 


810. The temperature of a gas rises from 300. K 
to 450. K while the volume remains con- 
stant. If the original pressure is 900. torr, 
what will the final pressure be in torr? 


811. While the temperature of a gas changes from 
500. K to 300. K, the volume doesn’t change. 
If the initial pressure was 2.5 atm, what is the 
gas’s final pressure in atmospheres? 


812. The temperature of a gas sample decreases 
from 425 K to 225 K, and the final pressure 
is 675 torr. If the volume is held constant, 
what was the gas’s initial pressure in torr? 


813. 


814. 


815. 


816. 


817. 


The temperature of a gas sample increases 
from 315 K to 505 K, and the final pressure 
is 8.10 atm. If the volume is held constant, 
what was the gas’s initial pressure in 
atmospheres? 


A gas sample is cooled from 310 K to 280 K 
while the volume is held constant. What will 
be the final pressure in kilopascals if the 
original pressure is 470 kPa? 


A gas starts at 801°C with a pressure of 
780. mm Hg and reaches a pressure of 
1,280 mm Hg. If the volume remains 
constant, what is the final temperature 
in kelvins? 


A gas starts at 100.°C with a pressure of 
1.00 atm and reaches a pressure of 2.50 atm. 
If the volume is held constant, what is the 
final temperature of the gas in degrees 
Celsius? 


The final temperature of a gas sample is 
521 K, and the pressure changes from 

428 torr to 1.25 atm. If the volume remains 
constant, what was the original temperature 
in kelvins? 
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818. The final temperature of a gas sample is 
175 K, and the pressure changes from 
44.1 psi to 2,028 torr. If the volume is 
held constant, what was the original tem- 
perature in degrees Celsius? 


819. The initial temperature of a gas sample 
was 75°C, and the pressure changes from 
0.612 atm to 34.9 in. Hg. If the volume is 
held constant, what is the final temperature 
in degrees Celsius? 


820-829 Complete the calculations using the 

combined gas law, which may be represented as 

2a = = (where T is in kelvins and the number 
1 2 

of moles is constant). 


820. Solve for the missing value: 


P, = 2.00 atm P,=? atm 
V, = 75.0 mL V, = 125 mL 
T, = 223K T, = 273K 


821. Solve for the missing value: 


P, = 970 torr P, = 760 torr 
V,=4.1L V,=?L 
T, = 273K T, = 400. K 
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822. Solve for the missing value: 


P =? atm P,=5.1 atm 
V, =327 mL V, = 188 mL 
T, = 323K T, = 544K 


823. Solve for the missing value: 


P, = 280 mm Hg P, = 760 mm Hg 
V,=?mL V, = 50. mL 
T, =520K T, = 220K 


824. A gas sample that has a pressure of 
4.23 atm, a volume of 1,870 mL, anda 
temperature of 293 K is allowed to expand 
to a volume of 6.01 L with a final tempera- 
ture of 373 K. What is the final pressure of 
the gas in atmospheres? 


825. Asample of a gas has a volume of 10.0 L 
at a pressure of 450 torr and a temperature 
of 773 K. What will the final volume be in 
liters if the conditions are changed to stan- 


dard temperature and pressure (STP)? 


826. The original volume of a gas sample 
was 0.75 L at a temperature of 25°C. 
The final volume, temperature, and 
pressure are 2,647 mL, 100.°C, and 5.5 atm, 
respectively. What was the original 
pressure in atmospheres? 


827. The original pressure of a gas sample was 
3.00 atm at a temperature of 300.°C. The 
final volume, temperature, and pressure are 
594 mL, 200.°C, and 3,862 mm Hg, respec- 
tively. What was the original volume in 


milliliters? 


828. 


A gas sample had an initial pressure, 
volume, and temperature of 970 torr, 

220. mL, and 50. K, respectively. Its final 
pressure is 0.78 atm, and its final volume 
is 2.4 L. What is the gas’s final temperature 
in kelvins? 


829. A gas sample had an initial pressure of 
35.3 psi and an initial volume of 10.0 L. Its 
final pressure is 6.18 atm, its final volume 
is 4,290 mL, and its final temperature is 
572 K. What was the initial temperature 


in kelvins? 
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834. A55.0-L gas sample contains 2.10 mol of dini- 
trogen tetroxide (N,O,) at 1.0 atm of pressure 
and 298 K. If the sample completely decom- 


Avogadro’s Law 


830-835 Complete the calculations using Avogadro s poses according to the following reaction, 
law, which states that the volume of a gas is directly how many liters of NO, are produced? 
proportional to the number of moles: V œ n. Using 2 

Avogadro’s law, you can determine that at standard N,O,(g) —> 2NO, ( g) 


temperature and pressure (273 K and I atm), 1 mol 
of gas will occupy 22.4 L. Note: Assume that this 
volume is an exact value for the following problems. 


830. In liters, what is the volume of a sample of 
helium gas that has a mass of 100. g at stan- 835. Ata certain temperature and pressure, a 
dard temperature and pressure? 12.4-L sample containing 0.296 mol of ozone 
(O,) reacts completely according to the fol- 
lowing reaction. How many liters of O, are 
produced? 


20;(g) > 302(g) 
831. In liters, what is the volume of a sample of 
CO,(g) that has a mass of 25.0 g at standard 
temperature and pressure? 


The Ideal Gas Law 


836-845 Complete the calculations using the ideal 
gas law, which says PV = nRT (where P is pressure in 
atmospheres, V is volume in liters, n is the number 
of moles, R is a constant equal to 0.0821 L-atm/ 
K-mol, and T is temperature in Relvins). 


832. How many molecules of nitrogen gas are 
present in 9.14 L of N,(g) at standard tem- 
perature and pressure? 


836. What is the pressure in atmospheres of a 
5.00-mol gas sample that occupies 12.5 L at 
833. How many grams are in a 37.89-L sample of 400. K? 
methane, CH,, at standard temperature and 
pressure? 


837. What is the volume, in liters, of 8.91 mol of 
a gas at a pressure of 0.747 atm at 200. K? 
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838. 


839. 


840. 


841. 


842. 


843. 


How many moles of helium are in a gas 
sample that has a volume of 500.0 mL at a 
pressure of 3.00 atm and a temperature of 
298 K? 


What is the temperature, in kelvins, of 
0.60 mol of a gas that occupies 2.8 L at a 
pressure of 4.1 atm? 


How much space, in liters, would 40.6 mol 
of carbon dioxide gas occupy at a tempera- 
ture of 205°C and a pressure of 1.50 atm? 


What is the temperature, in kelvins, of a 
0.333-mol sample of a gas that has a pres- 
sure of 6.98 psi and a volume of 11.2 L? 


How many moles of oxygen gas occupy 
3,050 mL at a pressure of 672 torr and 
75°C? 


What is the pressure, in atmospheres, 

of 0.618 g of chlorine gas (Cl,) if it occupies 
a volume of 75.0 mL at a temperature of 
255 K? 


844. What is the molar mass of a gas if 261 g 
of the gas occupies 555 L at a pressure of 
0.90 atm and a temperature of 373 K? 


845. What is the molar mass of a gas that has a 
mass of 12.15 g at a pressure of 1.05 atm, 
a volume of 11.3 L, and a temperature of 
523 K? 


Dalton’s Law of Partial 


Pressures 


846-854 Complete the calculations using Dalton’s 
law of partial pressures, which says that the 

total pressure is the sum of the individual partial 
pressures of the components of a gas mixture. 


846. What is the total pressure of a mixture of 
gases containing N,, O,, and He with the 
following partial pressures? 


Py, = 255 torr 


Po, = 491 torr 
Pye = 101 torr 


847. Samples of Ar, Cl,, and F, are mixed together. 
If their individual pressures are as follows, 
what is the total pressure, in atmospheres, 
exerted by the gases? 


Py, =1.52 atm 
Py, =567 torr 
P,, = 843 torr 


848. 


849. 


850. 


851. 


852. 


Gases P, P, and P, exist in a ratio of 7:3:2 
in a gas sample. If the total pressure is 
5.12 atm, what is the partial pressure of 
P, in atmospheres? 


A mixture of SO,, SO,, and O, has a total 
pressure of 4.42 atm. The partial pressure 
of SO, is 1.77 atm, and the partial pressure 
of SO, is 1.02 atm. What is the partial pres- 
sure of O, in atmospheres? 


A mixture of gases contains butane, ethane, 
and propane with a total pressure of 1,482 
torr. The mixture contains 0.822 mol of 
butane, 0.282 mol of ethane, and 0.550 mol 
of propane at the same temperature. What 
is the partial pressure of the propane in 
torr? 


853. 


854. 


Chapter 12: Gases 


When a sample of ammonium nitrite is 
heated, it decomposes according to the 
following reaction to form 4.25 L of nitrogen 
gas (collected over water) at 26°C and 
757.0 torr. What is the pressure due to the 
nitrogen gas, and how many grams of 
ammonium nitrite were used? 


NH,NO,(g)— N,(g)+2H,0(g) 


Note: The vapor pressure of water at 26°C 
is 25.21 torr. 


Oxygen gas is collected over water during 
the thermal decomposition of potassium 
chlorate at a pressure of 762.0 torr anda 
temperature of 22°C. What is the pressure, 
in torr, due to the oxygen if 242 mL of 
oxygen gas is formed? And how many 
grams of potassium chloride remain after 
the reaction is complete? Note: At 22°C, the 
vapor pressure of water is 19.83 torr. 


2 
When 15.0 g of N, gas and 20.0 g of O, gas Graham s Law 


are added to a 10.0-L container at 25°C, 
what is the partial pressure of the N, gas in 
atmospheres? 


When 15.0 g of N, gas and 20.0 g of O, gas 
are added to a 10.0-L container at 25°C, 
what is the total pressure, in atmospheres, 
that the gases exert on the container? 


855-857 Answer the questions on Graham’s law. 


855. 


856. 


At the same temperature and pressure, 
which gas, Ar or O,, will diffuse faster 
and why? 


At the same temperature and pressure, 
which gas, NH, or CO,, will diffuse more 
slowly and why? 
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857. Given equal amounts of SO, and ClO, at the 860. Liquid hydrogen peroxide decomposes to 
same temperature and pressure, which gas form liquid water and oxygen gas. How 
effuses faster and by how much? many liters of oxygen gas can be produced 

if 862 g of hydrogen peroxide completely 
decomposes at standard temperature and 


pressure? 
Gas Stoichiometry 
858-861 Complete the calculations using gas 
stoichiometry. 861. Nitrogen gas reacts with hydrogen gas to 


form ammonia. What is the maximum 
volume of ammonia gas at standard temper- 
ature and pressure that can be produced 
from 25.0 L of nitrogen gas and 75.0 L of 
hydrogen gas? 


858. Excess chlorine gas reacts with 60.9 L of 
hydrogen gas to form hydrogen chloride 
gas according to the following equation: 


H2(g)+Cl,(g)— 2HCI(g) 


What is the maximum volume of hydrogen 
chloride gas that can be produced at stan- 
dard temperature and pressure? 


859. When mercury(I) oxide is heated, liquid 
mercury and oxygen gas are the products. 
What is the maximum mass of mercury that 
can be produced if 100. L of oxygen gas is 
collected at standard temperature and 
pressure? 


Chapter 13 
Solutions (The Chemistry Kind) 


Seve contain a solvent and one or more solutes. The concentration is the quantity 
of solute in a given amount of solution. Concentrations are important when consider- 
ing colligative properties, which depend on the number of solute particles present, not on 
their identities. Freezing point depression, boiling point elevation, and osmotic pressure are 
examples of colligative properties. 


The Problems Vou'll Work On 


In this chapter, you work with solutions in the following ways: 


Identifying solution components 

Calculating small concentrations (ppt, ppm, ppb) 

 Diluting solutions 

1# Finding molarity and molality 

Determining freezing point depression and boiling point elevation 


Finding osmotic pressure 


Note: For reference, you can find the periodic table in the Appendix. 


What to Watch Out For 


Remember the following when working on solutions: 


Water is a very important solvent, but it isn’t the only solvent. 


Conversion from one concentration unit to another is easier through dimensional 
analysis. 


 Molality is the only concentration unit that has the solute in the denominator. 


 Molality (m), not molarity (M), is used for freezing point depression and boiling point 
elevation. 
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All colligative properties depend on the total particles present in the solution, 


not their identities. 


The freezing point of a solution is the normal freezing point of the solvent minus 
the depression value. The boiling point of a solution is the normal boiling point 
of the solvent plus the elevation value. 


Solutions, Solvents, and 


Solutes 


862-871 The following questions concern terms 
associated with solutions. 


862. 


863. 


864. 


865. 


866. 


For all solutions, what is a solute? 


For all solutions, what is a solvent? 


Air is a solution. What is the solvent? 


High-carbon steel is a solution. What is the 
solvent? 


Vodka is a solution. A sample of 80-proof 
vodka is 40% alcohol. What is the solvent? 


867. 


868. 


869. 


870. 


Some sodium chloride is added to 100 mL 
of water. The NaCl completely dissolves. 
Additional NaCl is added until no more of 
the solid dissolves. The solution precipi- 
tates out the undissolved solid. What is the 
final type of solution formed? 


Some sodium bromide is added to 250 mL 
of water. The NaBr completely dissolves. 
Additional NaBr is added until no more of 
the solid dissolves. The solution is sepa- 
rated from the undissolved solid and 250 mL 
of water is added to the solution. What is 
the final type of solution formed? 


You're given a sodium acetate (NaC,H,0,) 
solution. A friend drops a small crystal of 
sodium acetate into the solution, and imme- 
diately the solution turns white as a large 
amount of precipitate forms. What type of 
solution was the original solution? 


If you know the molarity of a solution, what 
additional information is necessary to deter- 
mine the moles of solute present? 


871. 


If you know the molality of a solution, what 
additional information is necessary to deter- 
mine the moles of solute present? 


872-880 Calculate the concentration of the solution. 


872. 


873. 


874. 


875. 


A solution contains 1.5 x 10 g of lead(D 
ions, Pb**, in 1,275 mL of solution. What 

is the concentration of lead in parts per 
thousand (ppt)? Assume the density of the 
solution is 1.00 g/mL. 


A solution contains 5.5 x 10° g of the pesti- 
cide DDT in 2,125 mL of solution. What 

is the concentration of DDT in parts per 
million (ppm)? Assume the density of the 
solution is 1.00 g/mL. 


A solution contains 8.5 x 10 mol of mer- 
cury in 1.5 L of solution. What is the 
concentration of mercury in parts per 
billion (ppb)? Assume the density of the 
solution is 1.00 g/mL. 


A 0.200-mol sample of sodium nitrate, 
NaNO,, is dissolved in sufficient water 
to produce 2.5 L of solution. What is the 
molarity of the solution? 
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876. 


877. 


878. 


879. 


880. 


A 0.1250-mol sample of sodium hydroxide, 
NaOH, is dissolved in sufficient water to 
produce 1,725 mL of solution. What is the 
molarity of the solution? 


What is the molarity of a solution formed 
by dissolving 26 g of NaCl (molar mass = 
58 g/mol) in sufficient water to produce 
1.5 L of solution? 


How many moles of lithium chloride, LiCl, 
are in 3.5 L of a 0.16-M LiCl solution? 


How many liters of a 0.25-M sulfuric acid 
(H,SO,) solution are needed to supply 15 g 
of sulfuric acid? The molar mass of sulfuric 
acid is 98 g/mol. 


How many grams of magnesium chloride, 
MgCl, are in 1.75 L of a 0.564-M MgCl, solu- 
tion? The molar mass of magnesium chlo- 
ride is 95.2 g/mol. 
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Dilution 


886. How many milliliters of 14-M nitric acid, 
HNO,, are necessary to prepare 875 mL of 
3.0-M nitric acid? 


881-888 Answer the dilution problems using M,V, = 


MV, 


881. 


882. 


883. 


884. 


885. 


A student has 1.0 L of 12-M hydrochloric 

acid, HCl. She wants to dilute the solution 

to 1.5 M. How many liters of solution can 887. Normal saline solution has a sodium chlo- 

she make? ride (NaCl) concentration of 0.154 M. How 
many liters of saline solution can you pre- 
pare from 1.00 L of 1.00-M NaCl? 


How many liters of 2.0-M sodium hydroxide, 

NaOH, can you prepare from 0.50 L of 15-M 

NaOH? 888. How many liters of 0.250-M calcium chloride 
(CaCl,) solution can you prepare from 
5.00 L of 1.00-M CaCl, solution? 


What is the molarity of a solution formed by 


mixing 1.5 L of 6.0-M nitric acid, HNO,, with 5 
water to get a final volume of 6.5 L? Molality 


889-894 Do the following molality problems. 


889. What is the molality of a solution containing 
0.25 mol of potassium bromide, KBr, in 


What is the molarity of a solution formed by 1.25 kg of water? 


adding 15 mL of 6.0-M phosphoric acid, 
H,PO,, to 135 mL of water? 


890. What is the molality of a solution containing 
0.014 mol of calcium nitrate, Ca(NO,),, in 


How many liters of a 12-M hydrochloric 1,775 g of water? 


acid (HCI) solution are necessary to prepare 
5.0 L of 1.0-M HCl? 


891. 


892. 


893. 


894. 


What is the molality of a solution containing 
10.5 g of hydrogen chloride, HCI, in 0.750 kg 
of water? The molar mass of HCI is 36.5 g/mol. 


How many moles of zinc chloride, ZnCl, 
are in a 0.16-m solution containing 1.5 kg of 
water? 


897. 


How many grams of cadmium chloride, 
CdCl,, are in a 0.015-m cadmium chloride 
solution if 2.5 kg of solvent is present? 
The molar mass of cadmium chloride is 
183.317 g/mol. 


898. 


A solution of glucose, C,H,,0,, was prepared 
by adding some of this nonelectrolyte to 

175 g of water. Based on a freezing point 
depression experiment, the concentration 
of the solution was 0.125 m. How many 
grams of glucose were in the solution? The 


molar mass of glucose is 180.2 g/mol. 


895-911 Answer the questions on colligative 
properties. 


895. 


900. 


Calcium nitrate, Ca(NO,),, is a strong elec- 
trolyte. What is the van’t Hoff factor, i, for 
a calcium nitrate solution? 


896. 


899. 
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Chloric acid, HCIO,, is a strong electrolyte, 
and chlorous acid, HCIO,, is a weak electro- 
lyte. The van’t Hoff factor of a dilute chloric 
acid solution is 2. How does the van’t Hoff 
factor of a dilute chlorous acid solution 
compare? 


What is the freezing point depression (AT) 
of a 1.50-m solution of sucrose in water? 
Sucrose is a nonelectrolyte, and the freezing 
point depression constant of water is 
1.86°C/m. 


What is the freezing point depression (AT) 
of a 12.6-m solution of ethylene glycol 
(antifreeze) in water? Ethylene glycol is 

a nonelectrolyte, and the freezing point 
depression constant of water is 1.86°C/m. 


Isopropyl alcohol, C,H_,OH, is a nonelectro- 
lyte. A 0.200-mol sample of isopropyl] alcohol 
is dissolved in 1.00 kg of water. If the boiling 
point elevation constant (K,) of water is 
0.512°C/m, what is the boiling point eleva- 
tion (AT) of the solution? 


Propyl alcohol, C,H,OH, is a nonelectrolyte. 
A 0.370-mol sample of propyl alcohol is 
dissolved in 1.75 kg of water. If the boiling 
point elevation constant (K,) of water is 
0.512°C/m, what is the boiling point eleva- 
tion (AT) of the solution? 
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901. 


902. 


903. 


904. 


Ethyl alcohol, C,H,OH, is a water-soluble 
nonelectrolyte. A solution is prepared by 
adding 17.0 g of ethyl alcohol to 0.750 kg of 
water. What is the freezing point depression 
(AT) for this solution? The molar mass of 
ethyl alcohol is 46.1 g/mol, and the freezing 
point depression constant (K,) for water is 
1.86°C/m. 


Propylene glycol, C,H,(OH),, is a water- 
soluble nonelectrolyte used in some anti- 
freezes. A 125-g sample of propylene glycol 
is dissolved in 1.25 kg of water. What is the 
boiling point of the solution? The molar 
mass of propylene glycol is 76.1 g/mol, and 
the boiling point elevation constant (K,) of 
water is 0.512°C/m. 


Hydrogen bromide, HBr, is a strong electro- 
lyte in water. What is the boiling point ele- 
vation (AT) of a solution containing 125 g of 
HBr in 1.75 kg of water? The molar mass of 
HBr is 80.9 g/mol, and the boiling point ele- 
vation constant (K,,) of water is 0.512°C/m. 


A 25.0-g sample of methyl alcohol, CH,OH, 
is dissolved in 1.50 kg of water. What is the 
freezing point of the solution? The molar 
mass of methyl alcohol (a nonelectrolyte) 
is 32.0 g/mol, and the freezing point depres- 
sion constant (K,) for water is 1.86°C/m. 


905. 


906. 


907. 


908. 


Rubidium chloride, RbCl, is a strong electro- 
lyte. What is the freezing point of a solution 
formed by dissolving 15.0 g of RbCl in 

0.125 kg of water? The molar mass of RbCl 
is 121 g/mol, and the freezing point depres- 
sion constant (K,) for water is 1.86°C/m. 


Hexane, C,H,,, is a nonelectrolyte. A solu- 
tion contains 125 g of hexane in 1.50 kg of 
cyclohexane, C,H,,. What is the boiling 
point of the solution? The molar mass of 
hexane is 86.2 g/mol, and the boiling point 
elevation constant (K,) of cyclohexane is 
2.79°C/m. The normal boiling point of cyclo- 
hexane is 80.70°C. 


What is the osmotic pressure (ITI) of 

a solution containing 0.125 mol of a 
nonelectrolyte in 0.500 L of solution at 
25°C? R = 0.0821 L-atm/mol-K. 


What is the osmotic pressure (IT) of a 
1.25-M solution of a nonelectrolyte solution 
at 25°C? R = 0.0821 L-atm/mol-K. 


909. 


910. 


Unlike many metallic compounds, 911. 


mercury(I) chloride, HgCl,, is a nonelectro- 
lyte. What is the osmotic pressure (II) ofa 
solution containing 5.00 g of mercury(I) 
chloride in 0.275 L of solution at 45°C? 

The molar mass of mercury(II) chloride is 
272 g/mol, and R = 0.0821 L-atm/mol-K. 


An aqueous solution of a polymer contains 
0.410 g of this compound in 1.00 L of solu- 
tion. At 37°C, the osmotic pressure (IT) of 
the solution is 3.00 x 10° atm. What is the 
molar mass of the polymer? R = 0.0821 
L-atm/mol-K. 
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Calcium nitrate, Ca(NO,),, is a strong 
electrolyte. A solution contains 4.75 g of 
calcium nitrate in 125 mL of solution. What 
is the osmotic pressure (II) of this solution 
at 37°C? The molar mass of calcium nitrate 
is 164 g/mol, and R = 0.0821 L-atm/mol-K. 
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Chapter 14 
Acids and Bases 


Sew knowing the concentration of an acid or base is often insufficient to understand 

its actions. The pH relates to the concentration of hydrogen ions in a solution, and the 
pOH relates to the concentration of the hydroxide ions in the solution. Acids and bases may 
be strong or weak. There are only a few strong acids and bases, and calculations involving 

them are always simpler than calculations involving weak acids or bases. A buffer solution 

provides a means to control the pH of a solution. 


The Problems Vou'll Work On 


In this chapter, you work with acids and bases in the following ways: 


Describing acids and bases 

Identifying conjugate acids and conjugate bases 

Determining pH and pOH for strong and weak acid or base solutions 
Doing stoichiometry of titrations 


Completing buffer problems 


Note: See the Appendix if you need to check the periodic table. 


What to Watch Out For 


Remember the following when working on acids and bases: 


Know the strong acids and strong bases. 
Dimensional analysis helps in calculating the concentration. 
Use the stoichiometry when doing calculations. 


At the equivalence point, the concentrations of the reactants are zero (other than 
through hydrolysis). 


Calculations involving weak acids or bases always involve an equilibrium constant, K, 
or K, Strong acids and bases do not have K's. 
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Identifying Acids and Bases 


1# Either a K or the Henderson-Hasselbalch equation works for a buffer solution. 


Concentrations have units; pH and K's do not. 


1# There’s only one way to write a K, or a K, expression; any variation is wrong. 


912-917 Identify acids and bases. 


912. 


913. 


914. 


915. 


Which member of the following set is a 
strong acid? 


HNO,, HNO,, NH,, KOH, CH,OH 


Which member of the following set is a 
strong base? 


HNO,, HNO,, NH}, KOH, CH,OH 


Which member of the following set is a 
weak acid? 


HNO,, HNO,, NH}, KOH, CH,OH 


Which member of the following set is a 
weak base? 


HNO,, HNO,, NH,, KOH, CH,OH 


916. Which member of the following set is nei- 
ther an acid nor a base? 


HNO,, HNO,, NH,, KOH, CH,OH 


917. Which member of the following set is a 
weak base? 


HNO,, HNO,, CH,NH,, CsOH, C,H,OH 


Conjugate Acids and Bases 


918-924 Identify conjugate acids and conjugate 
bases. 


918. What is the conjugate base of HCl? 


919. What is the conjugate acid of C,H,0,? 


920. What is the conjugate acid of NH,? 
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921. 


922. 


923. 


926. 


What is the conjugate base of NH,? 


What is the conjugate base of H,PO,? 928. 


What is the conjugate acid of H,SO,? 


Which of the following substances may 
serve both as a conjugate acid and as a con- 


jugate base? 930. 


Cl, HPO,*, Fe®*, AsO,?-, Mg” 


Finding pH and pOH of 


Strong Acids and Bases 


925-932 Determine the pH or pOH of a strong acid 
or base solution. 932. 


925. What is the pH of a 0.01-M HNO, solution? 


926. 


What is the pOH of a 0.001-M KOH 
solution? 


927. What is the pH of a 0.015-M NaOH 


929. 


931. 


solution? 


What is the pOH of a 0.0025-M HCl 
solution? 


What is the pH of a 0.003-M Ba(OH), 
solution? 


What is the pH of a 1.0 x 10° M Sr(OH), 
solution? 


What is the pH of a 1.0-M HBr solution? 


What is the pH of a 15-M NaOH solution? 
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Finding pH and pOH of Weak 


Acids and Gases 


933-947 Determine the pH or pOH of the weak acid 


or weak base solution. 


933. 


936. 


935. 


936. 


937. 


938. 


What is the pH of a 1.0-M acetic acid 
(HC,H,O,) solution? K, = 1.7 x 10°. 


What is the pH of a 1.0-M nitrous acid 
(HNO,) solution? K, = 5.0 x 107. 


What is the pOH of a 1.0-M ammonia (NH,) 
solution? K, = 1.8 x 10°. 


What is the pH of a 0.100-M hydrocyanic 
acid (HCN) solution? K, = 6.2 x 10". 


What is the pH of a 0.20-M acetic acid 
(HC,H,O,) solution? K, = 1.7 x 10>. 


What is the pH of a 0.0015-M periodic acid 
(HIO,) solution? K, = 2.8 x 107. 


939. 


940. 


941. 


962. 


963. 


964. 


945. 


What is the pH of a 0.0025-M chlorous acid 
(HCIO,) solution? K, = 1.1 x 10°. 


What is the pOH of a 1.0-M pyridine (C,H,N) 
solution? K, = 1.7 x 10°. 


What is the pH of a 0.15-M ammonia (NH,) 
solution? K, = 1.8 x 10>. 


What is the pH of a 2.5-M methylamine 
(CH,NH,) solution? K, = 5.2 x 10%. 


What is the pH of a 0.20-M chlorous acid 
(HCIO,) solution? K, = 1.1 x 107. 


What is the pH of a 0.015-M cyanic acid 
(HOCN) solution? pK, = 3.46. 


What is the pOH of a 1.0-M methylamine 
(CH,NH,), solution? pK, = 3.28. 
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946. What is the pH of a 0.25-M sodium hydrogen 
sulfate (NaHSO,) solution? The K, of HSO,” 


is 1.1 x 10°. 


947. What is the pH of a 0.50-M calcium acetate 
(Ca(C,H,0O,),) solution? The K, of HC,H,O, 


is 1.7 x 10°. 


948-959 Answer the questions on the stoichiometry 
of titrations. 


948. How many moles of hydrochloric acid (HCI) 
will react with 25.00 mL of 0.1000-M sodium 
hydroxide (NaOH) solution? 


The reaction is 


HCl(aq)+NaOH(aq)— NaCl(aq)+H,O(aq) 


949. What is the molarity of a hypochlorous acid 
(HCI1O) solution if 25.00 mL of this solution 
reacts completely with 35.42 mL of a 
0.1250-M potassium hydroxide (KOH) 
solution? 


The reaction is 


HC1O(aq)+KOH(aq) > KCIO(aq)+H,O(aq) 


950. 


What is the molarity of a chlorous acid 
(HCIO,) solution if 25.00 mL of this solution 
reacts completely with 39.32 mL ofa 
0.1350-M sodium hydroxide (NaOH) 
solution? 


The reaction is 


HCIO, (aq )+NaOH(aq)—> NaOH(aq)+H,O(aq) 


951. 


How many moles of lithium hydroxide, 
LiOH, will react with 25.00 mL of 0.2500-M 
sulfuric acid (H,SO,) solution? 


The reaction is 


H,SO,(aq)+2LiOH(aq) > Li,SO,(aq)+2H,O(aq) 


952. 


953. 


What is the molarity of a calcium hydroxide 
(Ca(OH),) solution if 25.00 mL of this solu- 
tion reacts completely with 37.24 mL of a 
0.1275-M nitric acid (HNO,) solution? 


The reaction is 
2HNO,(aq)+Ca(OH), (aq) > 
Ca(NO;),(aq)+2H,O(aq) 


What is the molarity of strontium hydroxide 
(Sr(OH),) solution if 25.00 mL of the solu- 
tion reacts with 39.26 mL of a 0.2500-M 
phosphoric acid (H,PO,) solution? 


The reaction is 
2H;PO,(aq)+3Sr(OH), (aq) 
Sr;(PO,),(aq)+6H,O(aq) 
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954. 


955. 


956. 


957. 


958. 


How many moles of nitrous acid (HNO,) will 
react with 35.00 mL of 0.1000-M potassium 
hydroxide (KOH)? 


What is the molarity of a rubidium hydrox- 
ide (RbOH) solution if 25.00 mL of this solu- 
tion reacts completely with 43.29 mL of a 
0.1235-M sulfuric acid (H,SO,) solution? 


What is the molarity of a phosphoric acid 
(H,PO,) solution if 100.0 mL of this solution 
titrates with 27.98 mL of a 0.1000-M calcium 
hydroxide (Ca(OH),) solution? 


What is the molarity of an ammonia (NH,) 
solution if 50.00 mL of the solution reacts 
with 47.98 mL of a 0.3215-M sulfuric acid 
(H,SO,) solution? 


How many grams of acetic acid (HC,H,O,) 
are in a vinegar sample if the sample 
requires 39.95 mL of 0.09527-M sodium 
hydroxide (NaOH) to reach the endpoint of 
a titration? The molar mass of acetic acid is 
60.52 g/mol. 


959. 


How many grams of ammonia (NH,) are ina 
sample of household cleaner if the sample 
requires 37.86 mL of 0.08271-M hydrochloric 
acid (HCI) to reach the endpoint of a titra- 
tion? The molar mass of ammonia is 17.031 
g/mol. 


Buffer Solutions 


960-970 The following questions deal with buffer 
solutions. 


960. Which of the following compounds would 


961. 


962. 


create a buffer when added to a sodium 
nitrite (NaNO,) solution? 


CH,OH, KNO,, NaOH, HNO,, or KCI 


Which of the following compounds would 
create a buffer when added to an ammonia 
(NH,) solution? 


CH,OH, (NH,),SO,, NaOH, CH,NH,, or KCI 


Which of the following compounds would 
create a buffer when added to a sodium 
carbonate (Na,CO,) solution? 


CH,OH, KHCO,, NaOH, CaCO,, or NaCl 


963. 


964. 


965. 


966. 


967. 


What is the pH of a buffer solution that is 
0.75 M in acetic acid (HC,H,O,) and 0.50 M 
in sodium acetate? The pK, of acetic acid 
is 4.76. 


What is the pOH of a buffer solution that is 
0.25 M in ammonia (NH,) and 0.35 M in 
ammonium chloride (NH,CI)? The pK, of 
ammonia is 4.75. 


What is the pH of a buffer solution that is 
0.25 M in hydrofluoric acid (HF) and 0.35 M 
in sodium fluoride (NaF)? The pK, of hydro- 
fluoric acid is 3.17. 


What is the pOH of a buffer solution that is 
0.75 M in methylamine (CH,NH,) and 0.50 M 
in methylammonium chloride (CH,NH,CI)? 
The pK, of methylamine is 3.28. 


What is the pH of a buffer solution that is 
0.35 M in ammonia (NH,) and 0.25 M in 
ammonium chloride (NH,CI)? The pK, of 
ammonia is 4.75. 
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968. What is the PH of a buffer solution that is 


969. 


970. 


0.50 M in methylamine (CH,NH,) and 0.25 M 
in methylammonium chloride (CH,NH,CI)? 
The pK, of methylamine is 3.28. 


What is the pH of a buffer solution formed 
by mixing 1.00 mol of hydrofluoric acid (HF) 
with 0.25 mol of sodium hydroxide (NaOH) 
in enough water to make a liter of solution? 
The pK, of hydrofluoric acid is 3.17. 


What is the pH of a buffer solution formed 
by mixing 0.75 mol of ammonia (NH,) and 
0.25 mol of hydrochloric acid (HCD in 
enough water to make a liter of solution? 
The pK,, of ammonia is 4.75. 


971-980 Answer the questions on pH changes during 
titrations. 


971. 


A student prepares to do a titration by 
adding 0.1000-M sodium hydroxide (NaOH) 
to 25.00 mL of a 0.08750-M acetic acid 
(HC,H,O,) solution. What was the initial 
pH of the acetic acid solution? The pK, of 
acetic acid is 4.76, and the reaction is 


NaOH(aq)+HC,H;0,(aq) > 
Na*(aq)+C,H,0,° (aq)+H,O(1) 
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972. 


973. 


A student prepares to do a titration by 
adding 0.1000-M hydrochloric acid (HCI) to 
25.00 mL of a 0.08750-M ammonia (NH,) 
solution. What was the initial pH of the 
ammonia solution? The pK, of ammonia is 
4.75, and the reaction is 


NH, (aq)+HCl(aq)—> NH,*(aq)+Cl (aq) 


What is the pH at the equivalence point 
for the titration of 50.00 mL of a 0.5000-M 
sodium hydroxide (NaOH) solution with 
0.7500-M hydrochloric acid (HCI)? The 
reaction is 


NaOH(aq)+HCl(aq)— Na*(aq)+Cl (aq)+H,O(1) 


974. 


A student prepares to do a titration by 
adding 0.05000-M barium hydroxide 
(Ba(OH),) to 25.00 mL of a 0.08800-M acetic 
acid (HC,H,O,) solution. What was the pH 
of the solution after he added 11.00 mL of 
base? The pK, of acetic acid is 4.76, and the 
reaction is 


Ba(OH), (aq)+2HC,H;0,(aq) > 
Ba” (aq)+2C,H;0," (aq)+2H,0(1) 


975. 


A student prepares to do a titration by 
adding 0.05000-M sulfuric acid (H,SO,) to 
25.00 mL of a 0.08800-M ammonia (NH,) 
solution. What was the pH of the solution 
after she added 11.00 mL acid? The pK, of 
ammonia is 4.75, and the reaction is as fol- 
lows. Ignore hydrolysis of the sulfate ion. 


2NH;,(aq)+H,SO,(aq) > 2NH,*(aq)+SO,* (aq) 


976. 


977. 


A student prepares to do a titration by 
adding 0.05000-M barium hydroxide 
(Ba(OH),) to 25.00 mL of a 0.08800-M acetic 
acid (HC,H,O,) solution. What was the pH of 
the solution after she added 20.00 mL of 
base? The pK, of acetic acid is 4.76, and the 
reaction is 


Ba(OH), (aq)+2HC,H;0,(aq) > 
Ba**(aq)+2C,H,0, (aq)+2H,O(1) 


A student prepares to do a titration by 
adding 0.05000-M sulfuric acid (H,SO,) to 
25.00 mL of a 0.08800-M ammonia (NH,) 
solution. What is the pH of the solution after 
he adds 17.00 mL of acid? The pK, of ammo- 
nia is 4.75, and the reaction is as follows. 
Ignore hydrolysis of the sulfate ion. 


2NH;(aq)+H,SO,(aq) > 2NH,*(aq)+SO,” (aq) 


978. A student prepares to do a titration by 980. 


979. 


adding 0.05000-M barium hydroxide 
(Ba(OH),) to 25.00 mL of a 0.08800-M acetic 
acid (HC,H,O,) solution. What was the pH 
of the solution at the equivalence point? 
The pK, of acetic acid is 4.76. 


A student prepares to do a titration by 
adding 0.4800-M barium hydroxide 
(Ba(OH),) to 25.00 mL of a 0.7600-M acetic 
acid (HC,H,O,) solution. What was the pH 
of the solution at the equivalence point? 
The pK, of acetic acid is 4.76. 
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A student prepares to do a titration by 
adding 0.06000-M sulfuric acid (H,SO,) to 
25.00 mL of a 0.09800-M ammonia (NH,) 
solution. What was the pH of the solution at 
the equivalence point? The pK, of ammonia 
is 4.75. Ignore hydrolysis of the sulfate ion. 
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Chapter 15 
Graphing Basics 


Go are a visual means of summarizing data. A good graph gives more information 
than a simple table of x and y values. Bad graphs can be very misleading. Scientists 
need to be able to transmit information in the form of good graphs. 


The Problems Vou’ll Work On 


In this chapter, you work with graphing basics in the following ways: 


Identifying parts of a graph 
Determining graph scales 
Drawing and interpreting graphs 


Predicting values 


What to Watch Out For 


Remember the following when working on graphing: 


Very few graphs simply connect the data points. 
The more neatly a graph is drawn, the easier it is to read. 
1#” The graph should occupy most, if not all, of the space available. 


1# The scales should place the highest values near the top or right of the graph. The lowest 
values should appear near the bottom or left of the graph. 


] 26 Part |: The Questions 


Graphing 


981-1,001 Answer the following questions on 
graphing. When data appears in a two-column 
format, the first column contains the data for the 
x-axis, and the second column contains the data for 
the y-axis. You can sketch the graphs by hand or use 
a program such as Excel. 


981. 


What is the name of the position on the 
graph denoted by x = 0 and y = 0? 


982. What do you call the process of finding a 
value on a graph that falls within the range 


of the plotted points? 


983. What do you call the process of estimating 
a value on a graph that falls outside the 


range of the plotted points? 


984. A plot of mass (y-axis) versus volume 
(x-axis) gives you a straight-line plot. What 
does the intercept of this line with the 


x-axis represent? 


985. A plot of volume (y-axis) versus tempera- 
ture (x-axis) gives you a straight-line plot. 
What does the intercept of this line with the 


x-axis represent? 


986. 


987. 


988. 


989. 


990. 


991. 


In a graph of distance versus time, what 
does the slope of the line represent? 


In a graph of mass versus volume, what 
does the slope of the line represent? 


In a graph of heat energy versus tempera- 
ture, what does the slope of the line 
represent? 


According to Charles’s law, the volume of 
an ideal gas is directly proportional to the 
temperature of the gas. What does a graph 
of volume versus temperature look like? 


According to Boyle’s law, the pressure of an 
ideal gas is inversely proportional to the 
volume of the gas. What does a graph of 
volume versus pressure look like? 


What does a graph of the volume (y-axis) 
versus the edge of a cube (x-axis) look 
like? 
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992. Graph the following data with a line of best 994. Graph the following data with a line of best 


fit. Use your graph to estimate how many fit. Then use the graph to estimate the 
pennies would be in a stack that has a mass volume of 31.0 g of the substance. 
of 84.1 g. 
_——— Volume (mL) Mass (g) 

Number of Pennies Mass (g) 29 11.9 

5 15.2 3.9 28.2 

10 31.5 5.5 37.7 

15 46.2 7.1 48.9 

20 60.4 9.1 60.1 

25 113 10.6 76.0 

30 91.7 


995. Graph the following data with a line of best 


993. In a graph depicting the following infor- fit. What is the mass of 10.0 mL of the 
mation, what does the slope of the line substance? 
represent? 
n Volume (mL) Mass (g) 
Number of Pennies Mass (g) 29 11.9 
5 15.2 3.9 28.2 
10 31.5 5.5 37.7 
15 46.2 7.1 48.9 
20 60.4 9.1 60.1 
25 113 10.6 76.0 


30 91.7 
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996. Graph the following data. Then use the 999. Describe the shape of the graph of the fol- 
graph to estimate the concentration at an lowing data. 
absorbance of 0.318. 
SS Volume (mL) pH 
Concentration (M) Absorbance 0.00 3.09 
0.100 0.385 5.00 4.07 
0.075 0.300 10.00 4.49 
0.050 0.187 13.00 4.70 
0.025 0.099 16.00 4.92 
19.00 5.18 
22.00 5.58 
23.00 5.82 
997. Graph the following data. Then use the 24.00 6.30 
graph to estimate the absorbance at a con- 24.25 6.51 
centration of 0.125 M. 24.50 7.04 
—_—_ 24.75 9.46 
Concentration (M) Absorbance 74.90 10.23 
0.100 0.385 25.00 1031 
0.075 0.300 2510 10.47 
0.050 0.187 25.25 10.61 
0.025 0.099 2550 10.78 
25.75 10.93 
26.00 11.01 
27.00 11.28 
998. What is the x-intercept of the best-fit line for 28.00 1143 
the graph of the following data? (Hint: The 31.03 11.56 


x-axis should go from -300°C to +200°C.) 


Temperature (°C) Volume (L) 
0.0 1.00 
50.0 1.18 
100.0 1.37 


150.0 1.55 


Chapter 15: Graphing Basics ] 29 


1,000. Graph the following data for the titration 
of a weak acid with a strong base. Then 
use the graph to estimate the pH at 


12.25 mL. 

Volume (mL) pH 
0.00 3.09 
5.00 4.07 

10.00 4.49 

13.00 4.70 

16.00 4.92 

19.00 5.18 

22.00 5.58 

23.00 5.82 

24.00 6.30 

24.25 6.51 

24.50 7.04 

24.75 9.46 

24.90 10.23 

25.00 10.31 

25.10 10.47 

25.25 10.61 

25.50 10.78 

25.75 10.93 

26.00 11.01 

27.00 11.28 

28.00 11.43 

31.03 11.56 


1,001. A student conducts a kinetic experiment 
for a second-order reaction. Graphing 
which two columns in the following table 
will produce a straight line? 


Time [A] (M) In[A] 1 fya 
[ AJl ) 


(min) 
0 0.2000 —1.61 5.0 
5 0.0282 -3.57 35.5 
10 0.0156 —4.17 64.1 
15 0.0106 —4.55 94.3 
20 0.0080 —4.83 125 
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Part Il 
The Answers 


00 


nswer 


Go to www. dummies .com/cheatsheet/1001chemistry 
to access the Cheat Sheet created specifically for 7,007 
Chemistry Practice Problems For Dummies. 


we 
extras 


In this part... 


ere you get answers and explanations for all 1,001 prob- 

lems. As you read the solutions, you may realize that you 
need a little more instruction. Fortunately, the For Dummies series 
offers several excellent resources. We highly recommend the fol- 
lowing titles (all published by Wiley): 


Chemistry Essentials For Dummies by John T. Moore 
Chemistry For Dummies by John T. Moore 


Chemistry Workbook For Dummies by Peter J. Mikulecky, 
Katherine Brutlag, Michelle Rose Gilman, and 
Brian Peterson 


When you're ready to step up to more advanced chemistry 
courses, you'll find the help you need in these titles: 
Chemistry II For Dummies by John T. Moore 


Inorganic Chemistry For Dummies by Michael Matson and 
Alvin W. Orbaek 


Organic Chemistry | For Dummies by Arthur Winter 


Organic Chemistry II For Dummies by John T. Moore and 
Richard H. Langley 


Biochemistry For Dummies by John T. Moore and 
Richard H. Langley 


Visit www. dummies . com for more information. 


Chapter 16 
Answers and Explanations 


H: are the answer explanations for all 1,001 chemistry questions in this book. For refer- 


ence, you can find the periodic table in the Appendix. 


a gram 


A gram (g) is a common metric unit of mass used in the laboratory. 


a centimeter 


A centimeter (cm) is a common metric unit of length used to measure small objects in 
the laboratory. You can also measure small objects in millimeters (mm). 


a milliliter 


A milliliter (mL) is a common metric unit of volume used in the laboratory. You can also 
measure volume in cubic centimeters (cm? or cc), but that unit is less common in the lab. 


a millimeter of mercury 
A millimeter of mercury (mm Hg), also known as a torr, is a common metric unit of 


pressure used in the laboratory when dealing with gases. Other units of pressure are 
pascals, atmospheres, and bars; however, they aren’t as common in the chemistry lab. 


a joule 


The joule (J) is a basic unit of energy or work in the metric system. It’s equal to a 
newton-meter (N-m). 


kilo- 
Kilo- is the metric prefix that represents 1,000, or 10°. 
milli- 


Milli- is the metric prefix that represents Lane or 10°. 
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Answers 
1-100 


8. 


9. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


centi- 


Centi- is the metric prefix that represents ir or 10°. 


nano- 


p . : “9 , 1 
Nano: is the metric prefix that represents 10°’, which equals 7,000,000,000" or 
1 billionth. 


mega- 


Mega- is the metric prefix that represents 10°, which equals 1,000,000, or 1 million. 


kilogram 


The kilogram (kg) is the most appropriate unit to express the mass of an adult human. 
A person who weighs 150 lb. (pounds) on Earth has a mass of approximately 68 kg. 


cubic centimeters 
To measure a small regularly shaped object like a child’s wooden block, you'd likely 


use centimeters (cm). After measuring the length, width, and height, you multiply 
these values together (V = lwh) and record the volume in cubic centimeters (cm’*). 


degrees Celsius 


Scientists would most likely use the metric unit degrees Celsius (°C) to report the temper- 
ature on a warm autumn day. They could also use kelvins (K), the SI unit of temperature. 


milligram 


The milligram (mg) is the most common metric measurement for small doses of solid 
medication. 


kelvin or ampere 


The SI base unit of temperature, the kelvin, was named after Lord Kelvin, who was also 
known as William Thomson. The ampere, named after André-Marie Ampére, is another 
base unit in SI; it measures electrical current. 


Other units named after people — newtons, joules, watts, and so on — are derived 
units, not base units. 


a quart 


One liter is about 1.06 qt. (quarts). 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


a yard 


A meter is a little over 39 in. (inches), which is closest to a yard (36 in.). 


8 fl. oz. 


One cup contains 8 fl. oz. (fluid ounces). 


yard 


The yard is an English unit for length that’s comparable to a meter. 


centimeters 


Measuring the width of the board in centimeters (cm) is appropriate. 


100 mg 


To convert from decigrams to milligrams, use the relationship 1 dg = 100 mg. Start with 
the given value (1 dg) over 1 and then multiply by 100 mg/1 dg so that the decigrams 
cancel: 


lag <100 mg _ 199 mg 
1 ldg 
Another option is to convert decigrams to grams and grams to milligrams: 


ldg 1g _ 1,000 mg _ 
T “To dg * ig =100 mg 


10 dL 


To convert from liters to deciliters, use the conversion factor 10 dL/1 L. Cancel the 
units that are the same in the numerator and denominator to make sure you end up 
with deciliters: 


0.001 km 


To convert from meters to kilometers, recall that 1 km = 1,000 m. Divide 1 by 1,000 to 
get 0.001. The meters in the numerator and denominator cancel, leaving kilometers as 
the final unit: 


laí ikm 


I X T000 7%! km 
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Answers 
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24. 


25. 


26. 


27. 


28. 


100 cm 


To determine how many centimeters are in a meter, recall that the prefix centi- repre- 
sents 1/100. You can use 1 cm/0.01 m or 100 cm/1 m as your conversion factor. 
Generally, it’s easier to avoid the conversions that use decimals. Multiply 1 m by 
100 cm/1 m. The meters cancel, giving you 100 cm: 

lat 


100 cm _ 
I xia =100 cm 


100 g 


To find out how many grams are in a hectogram, recall that the prefix hecto- represents 
100. Multiply 1 hg by 100 g/1 hg. The hectograms cancel, giving you 100 g: 
1 
bg x10908 _ 199 g 
1 lhg 


25,000 mL 


You can determine how many milliliters are in a dekaliter in two steps. Convert deka- 
liters to liters (1 daL = 10 L) and then convert liters to milliliters (1 L = 1,000 mL): daL > 
L > mL. Here’s the answer: 
2.5 dat * 10K „ 1,000 mL 
1 ldat 1K 


In scientific notation, the answer is 2.5 x 104 mL. 


= 25,000 mL 


4,900,000 cg 
You can find the number of centigrams that are in 49 kg in two steps. Convert kilograms to 
grams (1 kg = 1,000 g) and then convert grams to centigrams (1 g = 100 cg): kg > g > cg: 

49 keg X 1,000 g X 100 cg 
1 1kg 1g 


In scientific notation, the answer is 4.9 x 10° cg. 


= 4,900,000 cg 


0.00037 GW 


To get from watts to gigawatts, you need to know that giga- means 1 x 10°, or 
1,000,000,000, of something. Multiply 370,000 W by 1 GW/1,000,000,000 W. The 
watts cancel, giving you the answer in gigawatts: 


370,000 W Ma 
T ~ X1000,000,000 W ~ 200037 GW 


Alternatively, you can move the decimal point in 370,000 W nine places to the left to 
convert to watts. In scientific notation, the answer is 3.7 x 10 GW. 


29. 126,000,000,000 ug 


Going from very large units to very small units can be challenging. Be sure to double- 
check your conversions and the number of zeros. Convert megagrams to grams (1 Mg = 
1,000,000 g) and convert grams to micrograms (1 g = 1,000,000 ug): Mg > g > ug: 
0.126 Mg _ 1,000,000 ¢ _ 1,000,000 ug 
I ~ Me ” 4 
= 126,000,000,000 ug 
=1.26x10" pg 


3 0. 0.000000000000080 km 


Converting from very small units to very large units can be challenging. Think of the 
steps, picometers to meters (1 x 10!? pm = 1 m) and then meters to kilometers (1,000 m = 
1 km): pm > m > km: 


80 prí x laí „lkm 
1 1,000,000,000,000 prí `` 1,000 ní 
= 0.000000000000080 km 
=8.0x107™ km 


31. 0.002 m? 


Conversions that involve cubic units are often challenging because people aren’t used 
to thinking of conversion factors in three dimensions. 


To get from units used for measuring liquids (liters) to units used to measure solids 
(cubic meters), remember that 1 mL = 1 cm?. Your plan to get from liters to cubic 
meters may look like this: L—> mL > cm? > m?: 
2% 1,000mt 1cm? (1 m)? 
1 1K lmÉ “(100 cm)’ 


_2K 1,000mt lerm“ 1m? 
I 1X lmÉE (100x100x100) cm" 
=0.002 m? 


In scientific notation, the answer is 2 x 10° mè. 
32. 640,000 mL 


Conversions that involve cubic units are often challenging because people aren’t used 
to thinking of conversion factors in three dimensions. 


To convert from cubic meters to milliliters, you may choose to use the relationship 
1 mL = 1 cm? as follows: mè? > cm? > mL: 
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33. 


34. 


35. 


36. 


Part Il: The Answers 


0.64 m? „ (100 cm)" | 1 mL 
1 (1m)? 1cm’ 
: 0.64m” (100x100x100) crt? l mL 
1 1x 1em” 
= 640,000 mL 


In scientific notation, the answer is 6.4 x 10° mL. 


22 mi. 
Converting between metric units and English units mainly requires using the right con- 
version factor. To go from kilometers to miles, you can use the conversion factor 
1 mi./1.61 km. If you set up the problem correctly, the kilometers cancel out, leaving 
you with miles: 
= 1.61 an = 22 mi. 
The given measurement has two significant figures, so you round the answer to two 
significant figures as well. 
0.079 in. 
To convert between centimeters and inches, use the conversion factor 1 in./2.54 cm. 
The centimeters cancel out, giving you the answer in inches: 
0.20 ext lin. , 
1 * 554 cat” 0.079 in. 
The given measurement has two significant figures, so you round the answer to two 
significant figures as well. 
221 yd. 
When converting between meters and yards, start with the given (202 m) and use the 
conversion factor 1 yd./0.914 m. The meters cancel out, giving you the answer in yards: 
202 mi lyd. _ 
T 091 a 
The given measurement has three significant figures, so you round the answer to three 
significant figures as well. 
130 Ib. 


To convert from kilograms to pounds, you can use the conversion factors 1,000 g/1 kg 
and 1 lb./454 g: 


(Spe | SE | Ae 130. 


The given measurement has two significant figures, so you round the answer to two 
significant figures as well. 


37. 


38. 


39. 


40. 


Note: You have to make some assumptions to do this conversion, because the kilo- 
gram is a unit of mass and the pound is a unit of weight (force). Dividing a weight by 
the acceleration due to gravity yields a mass. On Earth, the force of gravity is nearly 
constant, allowing the pound to function as a unit of mass. For clarity, if pound is a 
mass, the designation should be pound-mass,; when pound is a weight, the designation 
is pound-force. 


7.97 qt. 


Liters and quarts are similar in size, so be careful with the conversion. Use the conver- 
sion factor 1 qt./0.946 L. The liters cancel out, giving you the answer in quarts: 


7.544% 1qt. 


The given measurement has three significant figures, so you round the answer to three 
significant figures as well. 


0.22 cm 


To convert from inches to centimeters, multiply the inches by 2.54 cm/1 in.: 
0.087 ire 2.54 cm _ 
I x= w 0.22 cm 


The given measurement has two significant figures, so you round the answer to two 
significant figures as well. 


745 km 
To find how many kilometers are in a certain number of miles, simply multiply the 
miles by 1.61 km/1 mi.: 


463m 1.61km _ 
p xti = 745 km 


The given measurement has three significant figures, so you round the answer to three 
significant figures as well. 


41,000 g 
To convert from pounds to grams, take the number of pounds and multiply it by 
454 g/1 lb.: 
9115. 454 g 


The given measurement has two significant figures, so you round the answer to two 
significant figures as well. In scientific notation, the answer is 4.1 x 104 g. 
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41. 


42. 


43. 


45. 


1,980 L 
There are 3.78 L in a gallon, so simply multiply the number of gallons, 525 gal., by 
3.78 L/1 gal.: 
525 gal’ 3.78 L_ 
{x Ta 1,980 L 


The given measurement has three significant figures, so you round the answer to three 
significant figures as well. In scientific notation, the answer is 1.98 x 10° L. 


3.0 atm 


To find the number of atmospheres in 44 psi (pounds per square inch), use the appropri- 
ate pressure conversion. There are 14.7 psi in 1 atm, so multiply 44 psi by 1 atm/14.7 psi: 


44 psi x atm 
1 14.7 psi 


The given measurement has two significant figures, so you round the answer to two 
significant figures as well. 


= 3.0 atm 


8.46 c. 


Writing a short plan for the conversions may be helpful. Converting from liters to 
quarts and then from quarts to cups gets you through this problem: L > qt. > c. 
Always write the units to make sure they cancel correctly; then do the math: 


200K lg 4 


C 
I x T946 “I = 8.46 c. 


gÉ 


The given measurement has three significant figures, so you round the answer to three 
significant figures as well. 


36.1 Ib. 


To convert from hectograms to pounds, you can either go from hectograms to grams to 
pounds or from hectograms to kilograms to pounds. Here’s the hg > g — lb. conversion: 


164 hg M 100 g ; 11b. 
1 lhg ` 454g 
The given measurement has three significant figures, so you round the answer to three 
significant figures as well. 


= 36.1 lb. 


0.155 gal. 


When converting from milliliters to gallons, I find it easiest to convert milliliters to 
liters and then convert liters to gallons: mL > L —> gal.: 


587 mab 1K „1 gal. 
1 1,000 mi ` 3.78 


~= 0.155 gal. 


The given measurement has three significant figures, so you round the answer to three 
significant figures as well. 


969,000 cm 


A slightly longer problem like this requires a plan. Changing miles to kilometers and 
then kilometers to centimeters is the shorter way to do this. Or you can change the kilo- 
meters to meters and then the meters to centimeters, as follows: mi. — km > m > cm: 


6.02mi 1.61 1,000nf 00cm 
1 x Imt x ant x 1 = 969,000 cm 


The given measurement has three significant figures, so you round the answer to three 
significant figures as well. In scientific notation, the answer is 9.69 x 10° cm. 


1,020,000 dg 


You can do this conversion by converting pounds to grams and grams to decigrams: 
Ib. > g > dg. Multiply the number of pounds by 454 g/lb. and then convert the grams 
to decigrams by multiplying by 10 dg/1 g: 
225 Ie. x 454 g k 10 dg 
1 lle 1g 
The given measurement has three significant figures, so you round the answer to three 
significant figures as well. In scientific notation, the answer is 1.02 x 10° dg. 


= 1,020,000 dg 


6,400 mL 


Convert quarts to liters and liters to milliliters: qt. ~ L — mL. Multiply the number 
of quarts by 0.946 L/1 qt.; then convert the liters to milliliters by multiplying by 
1,000 mL/1 L: 
6.8 qt Y 0.946 LK v 1,000 mL 
1 1 gt. 1K 
The given measurement has two significant figures, so you round the answer to two 
significant figures as well. In scientific notation, the answer is 6.4 x 10° mL. 


= 6,400 mL 


466 cm 


Convert feet into inches and then convert inches into centimeters: ft. > in. — cm. 
Multiply the 15.3 ft. by 12 in./1 ft. to convert to inches; then multiply by 2.54 cm/1 in. to 
convert to centimeters: 


15.34 12i. 254cm _ 
i x- * Lin’ = 466 cm 


The given measurement has three significant figures, so you round the answer to three 
significant figures as well. 
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50. 


51. 


52. 


53. 


54. 


ATL 
Convert pints to quarts and then convert quarts to liters: pt. > qt. > L. Multiply 99 pt. 
by 1 qt./2 pt. to convert to quarts; then multiply the quarts by 0.946 L/1 qt. to convert 
to liters. The pints and quarts cancel out, giving you the answer in liters: 
99 pt. Lat 0.946 L 47L 
1 2p lg“ 
The given measurement has two significant figures, so you round the answer to two 
significant figures as well. 
908 kg 
To convert short tons to pounds, multiply the number of tons by 2,000 1b./1 ton. To get 
from pounds to kilograms (kg), multiply by 0.454 kg/1 lb.: 
1.00ter 2,000) 0.454 kg 
-i ten” Ie ms 
The given measurement has three significant figures, so you round the answer to three 
significant figures as well. 
552 cm 
You may be able to find a conversion factor that goes straight from yards to centimeters. 
If so, this conversion takes only one step. Otherwise, you may remember that 3 ft. = 
l yd., 12 in. = 1 ft., and 2.54 cm = 1 in. Set up the problem, starting with 6.04 yd. over 1, 
and then line up the conversions so that the units cancel correctly. Here’s the overall 
plan: yd. > ft. > in. —> cm. And here are the calculations: 
Í a ie * Lint = 552 cm 
The given measurement has three significant figures, so you round the answer to three 
significant figures as well. 
0.063 c. 
First, remember that cc represents cubic centimeters (cm*). Cubic centimeters easily 
convert to milliliters because they’re in a 1:1 ratio. Then you can convert milliliters to 
fluid ounces and fluid ounces to cups: cc > mL > fl. oz. > c.: 
1 * led Xm Sila ~ 006 © 
The given measurement has two significant figures, so you round the answer to two 
significant figures as well. 
1,610,000 mm 


You can approach this conversion in many ways. One option is to convert yards to 
inches, inches to centimeters, and centimeters to millimeters: yd. — in. => cm > mm: 


55. 


56. 


57. 


58. 


I id” Tl x Ter = 1,610,000 mm 


The given measurement has three significant figures, so you round the answer to three 
significant figures as well. In scientific notation, the answer is 1.61 x 10° mm. 


53,000 pt. 


Converting hectoliters to pints involves many steps, so put together a plan. You can go 
from hectoliters to liters to gallons to quarts to pints: hL > L —> gal. > qt. > pt. The 
only division in the plan occurs when you convert liters to gallons, so you can multiply 
all the values in the numerator (250 x 100 x 4 x 2) and then divide by 3.78. The units 
cancel, giving you the answer in pints: 


250E 100% lga 4g“ 2 pt. 
1 “Thr 3.18” Iga” lge 


The given measurement has two significant figures, so you round the answer to two 
significant figures as well. In scientific notation, the answer is 5.3 x 104 pt. 


= 53,000 pt. 


5,100 g 


A slug is an English mass unit that you may not encounter except when working conver- 
sion problems. First convert slugs to pounds and then convert to grams: slugs —> lb. > g. 
Converting to grams isn’t difficult if you remember that there are 454 g in 1 lb. Here’s the 
conversion: 


0.35 slugs | 32.2 Ib: » Bag 
1 “Iga * 


The given measurement has two significant figures, so you round the answer to two 
significant figures as well. In scientific notation, the answer is 5.1 x 10° g. 


=5,100 g 


The conversion takes an extra step if you convert pounds to kilograms and then con- 
vert the kilograms to grams, but you should get the same answer either way. 


0.2540 km 


You can find the number of kilometers in 9,999 in. by converting inches to centimeters (by 
multiplying by 2.54 cm/1 in.) and then changing centimeters to meters (multiplying by 
1 m/100 cm) and meters to kilometers (multiplying by 1 km/1,000 m): in. —> cm > m > km. 


9,999. 254er lat x 1km 
1 Lint 100 erí ` 1,000 nf 


The given measurement has four significant figures, so you round the answer to four 
significant figures as well. 


= 0.2540 km 


25.9 oz. 


Converting from kilograms to ounces requires one metric conversion (kilograms to 
grams), one metric-English conversion (grams to pounds), and one English conversion 
(pounds to ounces): kg > g > lb. > oz. The units cancel out, leaving you with ounces: 
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59. 


60. 


61. 


62. 


0.734 kg 1,008 
i ig <iq" 


The given measurement has three significant figures, so you round the answer to three 
significant figures as well. 


Xap = 25.9 oz. 


1,600,000 uL 


Converting from ounces to microliters requires one English conversion (ounces to 
quarts), one English-metric conversion (quarts to liters), and one metric conversion 
(liters to microliters): oz. > qt. > L > uL: 


559z. 19€ 0.946Y | 1,000,000 uL 
T “320% 1g 1Z 


The given measurement has two significant figures, so you round the answer to two 
significant figures as well. In scientific notation, the answer is 1.6 x 10° uL. 


= 1,600,000 uL 


1,498.4 dozen 


Finding the number of dozen eggs in 17,981 eggs uses the conversion factor 1 dozen/12 
eggs: 


17 17,981 eggs 1 Tozi 
=n xT T2 egag = 1,498.4 dozen 


The given egg count has five significant figures, so you round the answer to five signifi- 
cant figures as well. 


17.1 yr. 


When dealing with a number of days that would exceed four years (1,461 days), 
account for the extra day in a leap year by using the relationship 365.25 days = 1 yr. 
Take the number of days and multiply by 1 yr./365.25 days. The days cancel out, leav- 
ing you with years: 


6,250 days 1yr. 
| "ad e 


The given length of time has three significant figures, so you round the answer to three 
significant figures as well. 


13,000 weeks 


To do this conversion, you need to know that a century is 100 years. Multiply the 2.5 
centuries by the number of years in a century (100); then multiply the years by the 
number of weeks in a year (52) to get the number of weeks: centuries > years > 
weeks: 


2.5 centuries 100 yx. <52 weeks 
I *Tcentury * iw = 13,000 weeks 


The given measurement has two significant figures, so the answer has two significant 
figures as well. 


63. $2,870 


First, recognize that 1 penny = 3.16 g is a conversion factor that you'll use in your cal- 
culations. The question asks you to find the mass of 1.00 ton of pennies, so 1.00 ton is 
your starting point. Convert tons to pounds, pounds to grams, grams to pennies, and 
pennies to dollars: tons —> lb. > g > pennies —> $: 


1.00 teri — 2,000 Ib: 454g Ipenny $1 
| "ites “ix ~ 3.16g “100 pennies 


The given average mass has three significant figures, so you round the answer to three 
significant figures as well. 


64. 43.8 s 


The tricky part is sorting out which of the given numbers to use where. Starting with 
the total distance in meters, you can multiply by 1 yd./0.914 m and then use 100 yd. = 
10.0 s to get to the time unit in the numerator: m > yd. > s: 


400 nf lyd 10.05 
T “0.914 * 100 yer ~ 4388 


= $2,870 


The race distances (400 m and 100 yd.) are considered exact measures, so you can 
ignore those numbers when looking at significant figures. The given time has three sig- 
nificant figures, so the answer does as well. 


65. 18 L 


This problem is a bit like a conversion from fluid ounces to liters, but you have to take 
into consideration that 60 guests are each drinking 10. fl. oz. of soda. The first step is 
to figure out how many ounces of soda that is; then you can convert from ounces to 
milliliters by multiplying by 29.6 mL/1 fl. oz. Last, you convert from milliliters to liters 
by multiplying by 1 L/1,000 mL. Here’s the conversion plan: guests > fl. oz. > mL > L: 


60 guests | 10.f-0z. | 2. a IL 
1 ”Iguest ” * L000 mi ~ 


The given volume measurement has two significant figures, so you round the answer 
to two significant figures as well. 


18 L 


66. 8.3 sandwiches 


The question gives you two relationships to use: 1 guest eats 25.4 cm of sandwich, and 
1 sandwich is 6.0 ft. long. Take the amount of sandwich that each person will eat and 
multiply it by 60 guests to find out how many centimeters of sandwich you need. Next, 
you can convert centimeters to inches (by multiplying by 1 in./2.54 cm), inches to feet 
(by multiplying by 1 ft./12 in.), and feet to sandwiches (by multiplying by 1 sandwich/ 
6.0 ft.): guests > cm > in. > ft. — sandwiches: 


a yee 4om Lint Litt xl sandwich 
I *T guest 9 54em loin * 6.0.8 = 8.3 sandwiches 


The given sub measurement has two significant figures, so you round the answer to 
two significant figures as well. 


Chapter 16: Answers and Explanations ] 45 


Answers 
1-100 


] h6 Part Il: The Answers 


Answers 
1-100 


67. 3,780 cm? 


You find the volume of a rectangular solid by multiplying the length times the width 
times the height. You can convert measurements before multiplying: 


1 


_ 274mm) lem _ 
w= i XT) pe 2 E cm 


60.0 mí lcm 
h= Í x ami 7 6.00 cm 


V = lwh = 23.0 cm x27.4 cm x 6.00 cm = 3,780 cm? 


_ 230. mm | lcm _ 
l= X70 ment 23-0 em 


The given measurements have three significant figures, so you round the answer to 
three significant figures as well. 


You can also find the volume in cubic millimeters and then do the conversion: 
(1 cm)? 
(10 mm)? 
(230. x 274 x 60.0) mri" lem? 
1 (10x10x10) mí" 


230. mm x 274 mm x 60.0 mm x 
1 


= 3,780 cm? 


68. 0.0630 m? 


The surface area of the front cover of the textbook equals to the length of the book 
times the width of the book: A = lw. You can convert from millimeters to meters before 
multiplying them together: 


j= 230. m 1m 0.230 m 


1 1,000 mí 
_ 274 min lm _ 
w= i x L000 cant 0.274 m 


A= lw = 0.230 m x 0.274 m = 0.0630 m? 


The given measurements have three significant figures, so you round the answer to 
three significant figures as well. 


Another option is to find the surface area before converting the measurements: 
(1m)’ 
(1,000 mm)” 
(230. 274) parti” l m? 
I *(,000x 1,000) nan” 
= 0.0630 m’ 


230. mm x 274 mm x 


69. 72 tiles 


One approach is to first find the area of the hallway in square feet. Then convert the 
square feet to square inches and divide by the area of one tile. 


70. 


71. 


(10.0 ft.x5.0 ft.) (12 in.)? 1 tile 


x 
1 (1ft.)” (10.0 in.) 
_ (10.0x5.0) fe (12x12)? 1 tile 
1 Lit” (10.0 10.0) jn” 
=72 tiles 


The given 5.0-ft. measurement has only two significant figures, so the answer has two 
significant figures as well. 


Another option is to find the area of the hallway in square inches and divide by the 
area of a tile, also in square inches. 


Or you can determine the number of tiles that fit across the 5.0-ft. hallway (by dividing 
the width of the hallway by the width of a tile) and multiply that number by the 
number of tiles that fit down the 10.0-ft. hallway: 


5.0 ft. 3 12 jt. x 1 tile 


Across: I LE 10i =6 tiles 
10.0 122i 1 tile 49., 
Down: I X Lit x0 tiles 


Total: 6 x12 = 72 tiles 


54,000 cm/min. 


85 Ib. 


This problem is challenging because you have to convert both the numerator and the 
denominator. Keeping track of the units is really important in this kind of problem. You 
can convert the numerator or the denominator first — the order doesn’t matter. The fol- 
lowing equation converts hours to minutes first by multiplying by 1 hr./60 min. Then it 
converts miles to kilometers (by multiplying by 1.61 km/1 mi.), kilometers to meters (by 
multiplying by 1,000 m/1 km), and then meters to centimeters (by multiplying by 100 cm/ 
1 m). Here’s the conversion plan: mi./hr. > mi./min. — km/min. > m/min. > cm/min.: 


20. mai: x 1hr. 7 1.61 krí , 1,000 nf , 100 cm 
lhe © 60min.” lmt lan laí 


The given measurement has two significant figures, so you round the answer to two 
significant figures as well. In scientific notation, the answer is 5.4 x 104 cm/min. 


= 54,000 cm/min. 


As you go through a problem like this, make sure you cross out the units that cancel. If 
you end up with the correct units in your answer — in this case, cm/min. — you know 
you’ve probably set up the problem correctly. 


In this problem, you’re given a volume and a conversion factor of 1.00 cm? = 19.3 g. So 
to start, this is a conversion problem from liters to cubic centimeters. You can convert 
liters to milliliters by multiplying by 1,000 mL/1 L. Milliliters and cubic centimeters are 
equivalent, so you can multiply by 1 cm?/1 mL. Next, multiply by 19.3 g/1.00 cm? to get 
to mass. Last, convert grams pounds by multiplying by 1 Ib./454 g. Here’s the overall 
plan: L > mL > cm? > g > lb.: 
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2.0K  1,000mt lem” | 1938. Lb. 
I IL Imt “1.00cm* 454g 


The given volume measurement has only two significant figures, so you round the 
answer to two significant figures as well. 


= 85 Ib. 


2.5 min. 


To find the number of minutes the horse takes to run a distance of 12 furlongs, first 
convert the distance to miles in order to use the given speed of 385.3 mph. Then con- 
vert the time from hours to minutes: furlongs > rods > yd. > mi. > hr. > min.: 


12 furlongs  40reds | 5.5 yd. Iai . 1hr „ 60 min. 
T Ifurlong “ xed “1,760 yd 35.3mm. 1hr, 


The given length measurement has only two significant figures, so you round the 
answer to two significant figures as well. 


= 2.5 min. 


If you don’t know how many yards are in a mile (1 mi. = 1,760 yd.), you may need to 
take the extra step of converting yards to feet (3 yd. = 1 ft.) and then converting feet to 
miles (5,280 ft. = 1 mi.), but you should get the same answer. 


Finding the number of seconds the pitch will take to travel from the pitcher to the 
batter requires using the distance between the two locations and the speed of the ball. 
Convert the distance from feet to miles by multiplying by 1 mi./5,280 ft. Next, divide by 
the speed (96 mi./1 hr.) and then convert the hours to minutes (by multiplying by 

60 min./1 hr.) and the minutes to seconds (by multiplying by 60 s/1 min.): ft. — mi. > 
hr. > min. > s: 


60.5 ft. lm : 1hr „Sin 60 s 
1 5,2804 96m 1h Lit 


The given speed measurement has only two significant figures, so you round the 
answer to two significant figures as well. 


=0.43 s 


0.00072 mm 


This problem requires that you think in three dimensions. You’re given a mass (grams), 
a conversion between mass and volume (grams per cubic centimeter), and a surface 
area (cubic meters). Volume equals length x width x height, and surface area = length x 
width, so you can find the height by dividing volume by surface area: 


Volume _ /xwW xh 
Surface Area Lx 


Now for the unit conversions. Change kilograms to grams by multiplying by 1,000 g/ 

1 kg. Multiply by 1 cm?/19.3 g to get cubic centimeters. Next, convert the cubic centi- 
meters to cubic millimeters. That takes care of the numerator. You have to convert the 
square meters in the denominator to square millimeters before you can divide. Here’s 
the conversion plan: (kg > g — cm? > mm?) = (m? > mm?) = mm?/mm? = mm: 


15. 


76. 


17. 


78. 


25 kg 1,000 g 1cm? , (10 mm)? 
1 1kg 193g” (1cm) 
1,810 m? _ (1,000 mm)’ 
rm 
25kg | 1,000g lem” | (10. nant x10 ma x10 mm) 
1 lkg “193g lem” 
1,810” _ (1,000 marí x 1,000 mart ) 
i.” 1n 


= 0.00072 mm 


The given mass measurement has only two significant figures, so you round the answer 
to two significant figures as well. In scientific notation, the answer is 7.2 x 104 mm. 


Alternatively, you can leave the numerator in cubic centimeters and convert the 
denominator from square meters to square centimeters. That gives you the answer in 
centimeters, which you can convert to millimeters by multiplying by 10 mm/1 cm. 


2.57s 
Yov’re waiting for a reply, so you have to account for the time for a signal to get to the 
moon and back, which means that the signal has to travel 2 x 239,000 miles. Convert 
miles to kilometers (multiply by 1.61 km/1 m) and kilometers to meters (multiply by 
1,000 m/1 km). Then to get the time, divide by the speed: 

2(239,000 mi) 1.614 1,00071 ls oni 
1 lm lati ~ 300,000,000 nf ~~ 

The given distance measurement has three significant figures, so you round the 
answer to three significant figures as well. The speed of the radio waves is considered 
exact, so you can disregard it when figuring out significant figures. 

8.76 x 10? 


Scientific notation expresses numbers with one digit to the left of the decimal point 
and any number of significant digits to the right of the decimal. For numbers greater 
than 1, the exponent on the 10 is positive. The number 876 equals 8.76 x 100, and 100 is 
the same as 102, so 876 is 8.76 x 102. 


4.000001 x 10° 
For numbers greater than 1, the exponent on the 10 is positive in scientific notation. 


The number 4,000,001 equals 4.000001 x 1,000,000, and 1,000,000 is the same as 10°, so 
4,000,001 is 4.000001 x 10°. 


5.10 x 104 


When a number is less than 1, the exponent on the 10 is negative in scientific notation. 
Move the decimal point in 0.000510 until you have just one digit to the left of the 
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19. 


80. 


81. 


82. 


83. 


84. 


85. 


decimal point. The number of times you move the decimal becomes the exponent 
on the 10. You move the decimal point four places to the right, so 0.000510 become 
5.10 x 10%. 


9 x 10° 


The number 900 is the same as 9 x 100, or 9 x 10’, so the problem becomes 9 x 10? x 
10*. To multiply 10? x 104, you just need to add the exponents on the 10s: You end up 
with 9 x 102 x 104 = 9 x 102+4 = 9 x 108. 


1x 10! 


Although writing 10 in scientific notation doesn’t have much practical value, you can do 
it. The decimal moves one place to the left, and the 10 becomes 1 (writing .0 after the 1 
isn’t necessary unless you have a decimal point after 10 in the original number). You 
then multiply that 1 by a power of ten. The exponent on the 10 is 1, giving you 1 x 10!. 


200 


The exponent on the 10 is positive, so the decimal point in 2.00 moves two places to 
the right. The answer is 200, because 2.00 x 10? is the same as 2.00 x 100. 


0.09 


The exponent on the 10 is -2, so the value is less than 1. Move the understood decimal 
point in 9 two places to the left, giving you a number between 0 and 1. The answer is 
0.09. 


4,795.2 


With an exponent of +3 on the 10, the decimal point in 4.7952 moves three places to 
the right. Moving the decimal point three places to the right is the same as multiplying 
by 1,000, giving you 4,795.2 as the answer. 


0.0000164 


With an exponent of —-5 on the 10, the decimal point in 1.64 moves five places to the 
left, giving you 0.0000164. 


Tip: When you have a large negative exponent, the easiest way to check your answer is 
to count the Os to the left of your nonzero digit, including the 0 to the left of the deci- 
mal point. The number of 0s should be the same as the number of the exponent. 


0.083 


The number 0.83 x 107! looks like it’s in scientific notation, but it isn’t, because you 
don’t have a nonzero digit in front of the decimal point. Regardless, the negative expo- 
nent on the 10 indicates that the decimal point in 0.83 needs to move one place to the 
left, so the number is 0.083 in standard form. 


86. 


87. 


88. 


89. 


90. 


5.97 x 103 


When you’re adding numbers in scientific notation and the exponents on the 10s are 
the same, you can just add the numbers in front of the powers of ten: 1.26 + 4.71 = 5.97. 
The 5.97 falls between 1 and 10 — it has one nonzero digit to the left of the decimal 
point — so you can finish giving the answer in scientific notation by writing the x 10°. 
The answer is 5.97 x 10°. 


Note: This approach works because you’re essentially factoring out the 10° before 
adding the decimal numbers: (1.26 x 10°) + (4.71 x 10) = 10°(1.26 + 4.71) = 105.97). 


6.0 x 107! 


The exponents on the 10s are the same, so you can just add the numbers in front of 
the powers of ten: 3.9 + 2.1 = 6.0. The sum is between 1 and 10, so you retain the power 
(x 10-1) from the original numbers. The answer is 6.0 x 1071. 


Note: This approach works because you’re essentially factoring out 107! before adding 
the decimal numbers: (3.9 x 107) + (2.1 x 10-5) = 1071(3.9 + 2.1) = 1076.0). 


8.6 x 102 


Because the exponents on the 10s don’t match, it’s easiest to take both numbers out of 
scientific notation, do the subtraction, and then put the answer back into scientific 
notation. Round the decimal number to the tenths place to give the answer the right 
number of significant figures. 


8.9x 10? = 890 
-3.3x10' = -33 
= 857 

= 8.6x10? 


-5.1 x 10! 


The exponents on the 10s don’t match, so take the numbers out of scientific notation, do 
the subtraction, and then put the answer back into scientific notation. Round the decimal 
number to the tenths place to give the answer the right number of significant figures. 


7.4x107 =0.74 
5.210! =-52. 

=—51.26 

=-5.1x10' 


1.2031 x 10° 


The exponents on the 10s are the same, so you can add the numbers in front of the 
powers of ten: 8.240 + 3.791 = 12.031. Because 12.031 is greater than 10 — it has two 
digits to the left of the decimal point — change it into scientific notation, giving you 
1.2031 x 101. 
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Answers 
1-100 


91. 


92. 


93. 


9h. 


Next, multiply that number by 102, the power of ten from the original problem; you get 
1.2031 x 10! x 102. To multiply 10! x 102, add the exponents, giving you 10!*? = 10%. The 
final answer in scientific notation is 1.2031 x 10°. 


9.5 x 10° 


The exponents aren’t the same, so take the numbers out of scientific notation, do the 
subtraction, and then put the answer back into scientific notation. Round the decimal 
number to the tenths place to give the answer the right number of significant figures. 


1.010’ = 10,000,000 
—5.2x10° = -520,000 
= 9,480,000 
=9.5x10° 


6.04 x 10° 


Take the numbers out of scientific notation, do the addition, and then write the sum in 
scientific notation. Round the decimal number to two decimal places to give the 
answer the right number of significant figures. 


5.42 x10” = 0.00542 
+6.19 x10% = +0.000619 
= 0.006039 
= 6.04107 


8.41 x 10° 


In this problem, each number in scientific notation has a different exponent. Take the 
numbers out of scientific notation, do the addition and subtraction, and put the 
answer back into scientific notation. Round the decimal number to the hundredths 
place to give the answer the right number of significant figures. 


8.20 x 10° = 8,200,000 
-7.31x104 =-73,100 
+2.846 x 10° = +284,600 
= 8,411,500 

~ 8.41x10° 


4.5 x 102 


To multiply numbers that are in scientific notation, you can multiply the numbers in 
front of the x 10 (here, 1.0 x 4.5 = 4.5) and then add the exponents from the powers of 
ten (107 x 10° = 107 +5 = 10°). The answer is 4.5 x 107. 
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95. 1.0 x 10! 


When dividing numbers that are in scientific notation, divide the numbers in front of 
the x 10 (here, 1.0 + 1.0 = 1.0) and subtract the exponents on the powers of ten. Keep 
in mind that subtracting a negative number is the same as adding a positive number: 
10° + 10+ = 103-™ = 10+4 = 10!. The answer is 1.0 x 10!. 


96. 6.3 x 1015 


Multiply the numbers in front of the x 10 (here, 3.15 x 2.0 = 6.3) and then add the expo- 
nents (10!? x 10° = 10!2*3 = 10!) to give you 6.3 x 10". 


g 7. 4.9 x 104 


First, divide the numbers in front of the x 10. In this case, 4.7 + 9.6 = 0.49. Because this 
number is less than 1, simply subtracting the exponents on the 10s isn’t enough to find 
the exponent in the answer. You need to account for 0.49 being less than 1 by moving 
the decimal one place to the right (0.49 becomes 4.9) and by subtracting another 1 
from the exponent. 


Answers 
1-100 


Dividing the powers of 10 in the problem gives you 10 + 107 = 102-60 = 10°*7 = 10°. 
Subtracting 1 from the exponent (to account for moving the decimal point to the right) 
gives you 10°-! = 104, so the complete answer is 4.9 x 104. 


98. 1.68 x 10"! 


To multiply numbers that are in scientific notation, you can multiply the numbers in 
front of the x 10 and then add the exponents from the powers of ten. When you multi- 
ply 8.40 by 2.00, you get 16.8. To put this in scientific notation, you need to move the 
decimal point one place to the left, so 16.8 becomes 1.68 x 10!. 


To multiply powers of ten, add the exponents together: 10! x 10 = 105+ = 10”, 
Next, add another 1 to the exponent to account for moving the decimal point in 16.8 to 
the left: 10!°*! = 10!!. The final answer is 1.68 x 10". 


99. 3.1 x 10° 


To divide numbers that are in scientific notation, you can divide the numbers in front 
of the x 10 and then subtract the exponents from the powers of ten. When you divide 

1.0 by 3.2, you get 0.31, a number less than 1. To put the number in scientific notation, 
you need to move the decimal one place to the right (0.31 becomes 3.1) and decrease 
the exponent on the 10 by 1. 


You're dividing in this problem, so subtract the exponents from the powers of ten: 108 + 
10? = 108-2 = 10°. Then subtract another 1 from the exponent to account for moving the 
decimal point in 0.31 one place to the right: 10°-! = 10°. The answer becomes 3.1 x 10°. 


Answers 
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100. 1.9 x 10% 


Start by doing calculations with the numbers in front of the x 10: 9.76 x 3.55 = 1.8 = 
19.25. Round to two digits to give the answer the right number of significant figures: 
That means 19.25 becomes 1.9 x 10!. 


© 

z Now deal with the powers of ten from the problem. You add exponents to multiply 
= powers of ten and subtract exponents to divide by powers of ten: 10° x 10° + 10> = 
= 10-°+ ©3)-C5) = 10-°9-3*5 = 107. Finally, multiply the 1.9 x 10! by the 107 to get the 


answer: 1.9 x 10! x 107 = 1.9 x 10!* = 1.9 x 10°. 


107. 1.1 1071 


Start by doing the math with the numbers in front of the x 10: 2.48 x 4.756 x 9.1 = 
107.33. Round to two digits to give the answer the right number of significant figures: 
That means 107.33 becomes 110, or 1.1 x 102. 


Now add the exponents to multiply the powers of ten: 10° x 10+ x 10-? = 103* (+ = 
10>. Multiply the 1.1 x 10? by the 10°, and you get 1.1 x 10? x 10° = 1.1 x 10-3 = 1.1 x 107. 


102. 3.6 x 104 


Using the rules for order of operations, complete the multiplication portion first. To 
multiply numbers that are in scientific notation, you can multiply the numbers in front 
of the x 10 and then add the exponents from the powers of ten: 


(6.2710? )x(2.9x10*)=(6.27x2.9)(10? x10) 
=18.183(10°* ) 
=18.183x10° 
=1.8183x10~ 


Then do the addition. The powers of ten are the same, so you can simply add the num- 
bers in front of the x 10. (Mathematically, you’re factoring out 10+.) Round the answer 
to one decimal place to give the answer the right number of significant figures. 


(1.8x10*)+(1.8183 x10“) =(1.8+1.8183)10* 


= 3.6183 x10“ 
~3.6x10“ 


103. 1.526 x 10% 


Here, the order of operations applies. Start with the division. To divide numbers that 
are in scientific notation, you can divide the numbers in front of the x 10 and then sub- 
tract the exponents from the powers of ten: 


(9.189 x 107” ) + (0.6021 x10" ) = (9.189 + 0.6021)(107 +107 ) 
=15.262(10=)) 
=15.262x10“ 
=1.5262x10° 
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Then do the addition. The powers of ten are different, so take the numbers out of sci- 
entific notation, do the addition, and then put the answer back in scientific notation. 
Round the answer to three decimal places to give the answer the right number of sig- 
nificant figures: 


1.5262 x 10° = 0.000015262 


+4.5x10 = +0.000000000045 eS 
= 0.000015262045 Bel 
5 aS 

=1.526x10 


The answer has four significant figures because the -11 exponent makes the second 
value too small to make a significant difference in the first value. It would be important 
only if it affected one of the significant figures in the first number. 


104. 4.48 x 102 


Based on order of operations, do the division from left to right before doing the addi- 
tion. Start with (1.1 x 10") + (3.68 x 10). To divide numbers that are in scientific nota- 
tion, divide the numbers in front of the x 10 and then subtract the exponents on the 
powers of ten: 


(1.1x10')+(3.68x10°)=(1.1+3.68)(10'+10*) 
=0.2989(10®) 
= 0.2989 x 10’ 
Then divide that answer by 8.2 x 104: 
(0.2989 x10" )+(8.2x10* ) = (0.2989 + 8.2)(10" +10*) 
= 0.03645(107 *) 
= 0.03645 x 10* 
= 36.45 


Now add 4.115 x 10? = 411.5 and put the answer back into scientific notation (round to 
448 to give the answer the right number of significant figures): 
36.45 + 411.5 = 447.95 
= 448 = 4.48 x10? 


All the digits in 411.5 are significant; however, due to the division by a two-significant- 
figure value (8.2 x 10*), only the first two digits in 36.45 are significant. Because 36.45 is 
understood to have no significant figures after the ones place, neither can the sum 448. 


105. 5x10 


In this problem, follow the order of operations. Solve the numerator and the denomina- 
tor before dividing. 


In the numerator, do the multiplication before doing the addition. In the denominator, 
take the numbers out of scientific notation before subtracting. Here are the first couple 
of steps: 


Answers 
101-200 
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(4.6x10°)+(6.97x10°)x(3x107) 
(5.18x10*)-(2.00x10°) 


(4.6x10°)+(6.97x10°x3x107) 
~ 51,800- 2,000 


Remember that to multiply powers of ten by each other, you add the exponents: 
(4.6x10?°)+(6.97x3)(10° x107) 
49,800 
(4.610) +(20.91)(10°" ) 
49,800 


(4.6 x10? )+(20.91x 10”) 
= 49,800 


To do the addition in the numerator, you can take the numbers out of scientific 
notation: 

_ 460+2,091 

~ 49,800 

_ 2,551 

~ 49,800 


Now you’re ready to divide. You can put the numbers back into scientific notation to 
help you with the calculations: 


2,551 _ 2.551x10° 
49,800 498x104 


= (2.551 + 4.98)(10° +10‘) 
=(0.5122)(10**) 

= 0.512210" 
=5,122x107 

=5x10° 


The answer has one significant figure. Why? Multiplying by (3 x 105 in the first step 
would give you a one-significant-figure answer; when you then add (4.6 x 10?) to the 
product, the sum would likewise have one significant figure. Finally, dividing a one- 
significant-figure number by a three-significant-figure number yields a one-significant- 
figure answer. 


All nonzero digits are significant, so 343 has three significant figures. 


All nonzero digits are significant, so 0.4592 has four significant figures. 


108. 


109. 


110. 


111. 


112. 


113. 


114. 


115. 


All nonzero digits and zeros that are sandwiched between two nonzero digits are sig- 
nificant. In 705,204, the 7, 5, 2, and 4 are nonzero digits. The zeros trapped between the 
7 and 5 as well as the 2 and 4 are also significant, so 705,204 has a total of six signifi- 
cant figures. 


Leading zeros (zeros to the left of a nonzero digit and to the right of the decimal point) 
aren’t significant — they’re just placeholders. The 7 and 5 are significant, so 0.0075 has 
two significant figures. 


Zeros to the right of nonzero digits but before an understood (not written) decimal 
point are not significant. The 2, 4, and 8 are significant, so 248,000 has three significant 
figures. 


The nonzero digits and the trapped zeros are significant, but the trailing zeros are not. 
So in 9,400,300, the five digits from the 9 to the 3 are significant. 


The nonzero digits, the trapped zeros, and the trailing zero are all significant. Zeros to 
the right of a nonzero digit and to the right of the decimal point are significant. So in 
1.0070, all five digits are significant. 


Zeros to the right of a nonzero digit and to the right of the decimal point are signifi- 
cant. This traps the zeros between the 3 and the final 0, making all eight digits in 
3,000,000.0 significant. 


The nonzero digits, the trapped zeros, and the trailing zeros are all significant. The 
leading zeros are not significant. In 0.0040800, the five digits from the 4 to the final 0 
are significant. 


The nonzero digits and the trailing zero are significant; the leading zero before the dec- 
imal point is not. The number 0.870 has three significant figures: the 8, 7, and final 0. 
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116. 5,500 


Adding 5,379 + 100 gives you 5,479. After adding, round the final answer with the least- 
accurate decimal place in mind. The first number (5,379) ends with the ones place, and 
the second number (100) is significant only to the hundreds place, so round 5,479 to the 
hundreds place: 5,500. (You can also write the answer in scientific notation: 5.5 x 103.) 


117. 13.0 


First, do the addition: 12.4 + 0.59 = 12.99. Now determine the least-accurate decimal 
place: 12.4 ends with the tenths place, and 0.59 ends with the hundredths place. The 
tenths place is less accurate than the hundredths place, so round 12.99 to 13.0. (You 
can also write the answer in scientific notation: 1.30 x 101.) 


178. 27.56 


Do the subtraction first: 61.035 — 33.48 = 27.555. Round the answer with the least- 
accurate decimal place in mind. In this question, the first number (61.035) ends with 
the thousandths place, and the second number (33.48) ends with the hundredths 
place, so round the answer to the hundredths place: 27.555 ~ 27.56. (You can also write 
the answer in scientific notation: 2.756 x 101.) 


119. 96 


Do the math and then round the answer with the least-accurate decimal place in mind. 
The addition gives you 71 + 24.87 + 0.0003 = 95.8703. The ones place from the 71 is the 
least accurate for the three numbers, so round the answer to 96. (You can also write 
the answer in scientific notation: 9.6 x 10!.) 


120. -467 


Doing the subtraction gives you 0.387 — 467 = —466.613. When subtracting, round the 
final answer to the least-accurate decimal place that both numbers have in common. In 
this case, the first number is accurate to the thousandths place and the second 
number, 467, is accurate only to the ones place, so round the answer to the ones place. 
The answer is —467. (You can also write the answer in scientific notation: —4.67 x 107.) 


127. 0.0467 


When adding, you want to round your final answer to the least-accurate decimal place. 
Sometimes it’s easier to see which digit to round your answer to if you line up the num- 
bers vertically: 

0.005689 


+0.0410 
0.046689 


The least-accurate place is the 0 in the ten-thousandths place of 0.0410, so round the 
final answer to the ten-thousandths place, giving you 0.0467. (You can also write the 
answer in scientific notation: 4.67 x 107.) 


122. 


123. 


124. 


125. 


126. 


127. 


-60.405 


5,100 


210 


First, line up the numbers based on the location of the decimal point. Then do the 
addition and subtraction and round the answer to the least-accurate decimal place. 


60.0080 
—128.35429 
+7.941 


— 60.40529 


The least-accurate decimal place is the thousandths place in 7.941, so round the 
answer to —60.405. (You can also write the answer in scientific notation: -6.0405 x 101.) 


Doing the addition gives you 130 + 4,600 + 395.2 = 5,125.2. When adding, round the 
answer to the least-accurate decimal place. The least-accurate place in 130 is the tens, 
the least-accurate place in 4,600 is the hundreds, and the least-accurate place in 395.2 
is the tenths. Of the three, the hundreds place is the least accurate, so round the 
answer, 5,125.2, to the hundreds place: 5,100. (You can also write the answer in scien- 
tific notation: 5.1 x 103.) 


The division gives you 0.0074 + 0.000035 = 211.4285714. When dividing, the answer should 
have the same number of significant figures as the number with the fewest significant fig- 
ures, regardless of where the decimal point is located. In this problem, each number has 
only two significant figures, so the answer should have two significant figures. You round 
the answer to 210. (You can also write the answer in scientific notation: 2.1 x 102.) 


26,000 


41.6 


The multiplication gives you 75 x 349 = 26,175. In multiplication problems, identify the 
number that has the fewest significant figures to determine how many significant fig- 
ures the answer should have. The number 75 has two significant figures, and 349 has 
three significant figures. The final answer should have the smaller number of signifi- 
cant figures, which is two, so round the answer to 26,000. (You can also write the 
answer in scientific notation: 2.6 x 104.) 


The multiplication gives you 7.98 x 5.21 = 41.5758. For a multiplication problem, your 
answer should have the same number of significant figures as the given number with the 
fewest significant figures. Both 7.98 and 5.21 have three significant figures, so round the 
answer to 41.6. (You can also write the answer in scientific notation: 4.16 x 101.) 


2.0 x 108 


The division gives you 5.00 + 0.0025 = 2,000. With division, the answer should have the 
same number of significant figures as the number with the fewest significant figures. In 
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this question, 5.00 has three significant figures and 0.0025 has two, so the answer should 
have two significant figures. The easiest way to express 2,000 with two significant figures 
is to put it into scientific notation, with one zero after the decimal point: 2.0 x 10°. 


128. 50 cm? 


The multiplication gives you 7.0 cm x 7 cm = 49 cm?. Each measurement has a different 
number of significant figures: 7.0 has two, and 7 has one. One is the lower number, so 
the answer should have one significant figure. Round 49 to 50. (You can also write the 
answer in scientific notation: 5 x 10! cm?.) 


129. 0.0334 


The division gives you 6.48 + 194.21 ~ 0.033365944. When dividing, you record the 
answer with the same number of significant figures as the number with the fewest 
number of significant figures. In this case, you have only three significant figures 
coming from 6.48, so round the answer to 0.0334. (You can also write the answer in sci- 
entific notation: 3.34 x 107.) 


130. 2.2 x 10-3 


The multiplication gives you 0.000000029 x 0.00000745 = 0.00000000000021605 = 2.1605 x 
10-3. The first number you’re multiplying has two significant figures, and the second 
number has three. Because the answer should have the lower number of significant fig- 
ures, 2.1605 rounds to 2.2, and the 10-8 remains. The answer is 2.2 x 10-7». 


131. 0.20 


For a multiplication and division problem, the answer should have the same number of 
significant figures as the given number with the fewest number of significant figures. 
The calculations give you the following: 


0.0034 x 518.27 _ 
— o0 7 0.195790889 


Here, 0.0034 has two significant figures, 518.27 has five significant figures, and 9.00 has 
three significant figures. The fewest number of significant figures is two, so round the 
answer to 0.20. (You can also write the answer in scientific notation: 2.0 x 1071.) 


132. 2,070 


Complete the multiplication first: 2,300.00 x 0.854 = 1,964.2. Then add 110, giving you 
2,074.2, and round to the least-accurate decimal place, which is the tens place in 110. 
The answer is 2,070. (You can also write the answer in scientific notation: 2.07 x 10°.) 


133. 9.0 g/mL 


Do the subtraction first to see how many significant figures would be in the denomina- 
tor: 25.0 mL — 23.8 mL = 1.2 mL. Then do the division: 10.78 = 1.2 = 8.983333333. The 
final answer should have the same number of significant figures as the 1.2 mL, so you 
round the answer to 9.0 g/mL. 


134. 


135. 


136. 


137. 


138. 


4.39 


55 


gas 


solid 


liquid 


At first, you may think this answer should have two significant figures. But think about 
doing the addition in the numerator: 8.1 + 2.32 + 0.741 = 11.161. If you were to round 
this answer before dividing by the denominator, it would have three significant figures, 
because with addition, you round to the least-accurate decimal place: in this case, the 
tenths place. When you're ready to divide, both the numerator and denominator would 
have three significant figures, so the final answer should have three significant figures 
as well. 


The usual practice is to do all the calculations and round at the end to avoid cumula- 
tive rounding errors. So here are the calculations: 


8.1+2.32+0.741 _ 11.161 _ 
BAC OBA = 4,394094488 


Rounded to three significant figures, the answer is 4.39. 


Note that if you round and then divide, your answer will be slightly different: 4.4094, 
which rounds to 4.41. 


Do the math first: 


250412. 10 _ 262. 1.0 _ 
2.0 *357-12 ~ 2.0 %2.37 ~ 292142616 


After doing the addition and subtraction, you can determine the number of significant 
figures that need to be in the answer. 


The numerator in the first fraction is accurate only to the tens place (due to the 250), 
and the denominator in the second fraction is accurate only to the tenths place (due to 
the 1.2). If you were to round 262 and 2.37 at this point, the resulting numbers (260 and 
2.4) would have two significant figures. 


The numbers you’re multiplying and dividing by also have two significant figures, so 
the final answer should have two significant figures as well. The final answer is 55. 
(You can also write the answer in scientific notation: 5.5 x 101.) 


Think of air in a balloon. Gases take the shape of their containers, and they’re easily 
compressed or expanded (they don’t have a definite volume). 


Think of a solid like ice or a block of wood. A solid has a definite shape and a definite 
volume. 


Matter that takes the shape of its container but has a definite volume is a liquid. Think 
of room-temperature water. One liter of water is 1 liter of water, whether it’s in a vase 
or spilled all over the kitchen table — same volume, different shape. 
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1 3 g. freezing 


When a liquid (such as water) is becoming solid (ice), it’s going through a phase 
change called freezing. 


1 4 0. condensation 


When a gas cools, it changes into a liquid. This phase change is called condensation. 


14 1. vaporization 
When you add enough energy to a liquid that it changes in phase to a gas, it’s said to 


vaporize or go through vaporization. This phase change is called evaporation when it 
occurs below the liquid’s boiling point. 


1 4 2 a sublimation 
When matter goes from a solid phase to a gas phase without becoming a liquid, it’s 


said to sublime. You can observe sublimation in substances such as dry ice, moth 
balls, and iodine crystals. 


1 43. deposition 


Deposition is the opposite of sublimation. Deposition occurs when a substance goes from 
the gaseous phase to the solid phase without becoming a liquid in between. You can see 
the result of deposition as frost in a freezer; the water vapor in the air turns to ice. 


1 4 4. pure substance; element 


Gold (Au), a pure substance, is element number 79 on the periodic table of the elements. 


1 45. pure substance; compound 
Table sugar is a pure substance made of the compound sucrose. Sucrose is a carbo- 


hydrate that contains fixed amounts of carbon, hydrogen, and oxygen atoms bonded 
together. 


1 46. mixture; homogeneous 
Fresh air is a mixture of colorless gases containing mostly nitrogen gas and oxygen 


gas. Each breath of air contains the same composition of gases, so the mixture is 
homogeneous. 


14 7. pure substance; element 


Oxygen (O), a pure substance, is element number 8 on the periodic table of the elements. 


148. 


149. 


150. 


151. 


152. 


153. 


154. 


155. 


mixture; heterogeneous 


Vegetable soup is a mixture of water, salt, and assorted vegetables. Each bowl you 
serve has a slightly different composition of ingredients — that’s what makes it 
heterogeneous. 


mixture; heterogeneous 


Each serving of fruit salad that you take from a serving bowl generally has a different 
number of each kind of fruit. This variety in each sample makes fruit salad heterogeneous. 


pure substance; element 


Calcium (Ca), a pure substance, is element number 20 on the periodic table of the 
elements. 


mixture; heterogeneous 


Concrete is made of a variety of rocks and cement, which holds the concrete together. 
The variety of rocks depends on where you live or what’s in the mix. You can see the 
rock differences — although they’re sometimes subtle — when you break off a piece of 
concrete. These differences are what make concrete a heterogeneous mixture. 


mixture; heterogeneous 


Smog is air that contains a variety of particulates (dirt, dust, and so on) and pollutants. 
Smog can be different shades of color, depending on the types and concentrations of 
contaminants. This variety of substances mixed together is rarely homogeneous. 


intensive 
An intensive property is independent of the amount of the substance that’s present. 
Intensive properties are helpful in identifying an unknown substance. 


The boiling point of water is an intensive property. If you have a large pot and a small 
pot full of boiling water on the stove, the water will be boiling at the same temperature 
in both. 


physical 


A physical change involves a change in the physical properties of a substance, not a 
change in chemical composition. The shape of a substance is a physical property. 


chemical 


In a chemical change, a substance changes into a new substance. The burning of a 
match illustrates a chemical change, and the match’s ability to burn is a chemical 
property of the match. 
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1 5 6. extensive 


An extensive property depends on exactly how much of a substance is present. Mass is 
an example of an extensive property. 


15 7. intensive physical 
Density is the ratio of an object’s mass to its volume. This physical property can help 


chemists identify a substance, especially because density is also an intensive property 
(one that stays the same no matter how much of the substance you have). 


1 5 8. extensive physical 


Length is a physical property that describes size. Length is extensive because it 
depends on exactly how much of a substance you have. 


1 5 g. intensive physical 


Color is a physical property that’s intensive. A piece of paper that’s green is still green 
if you cut the paper in half; the color is independent of the size of the paper. 


1 6 0. chemical 


Flammability is a chemical property because if a flammable substance catches fire, the 
substance changes into new substances. For example, as wood burns, carbon dioxide 
and water escape, and a residue of ash remains behind. 


16 1. extensive physical 


Mass is a physical property that describes how much of a substance you have. Mass is 
extensive because it depends on exactly how much is present — more matter, more 
mass. 


1 6 2 . intensive physical 


Odor is a physical property that’s intensive. A small orange has a distinctive odor 
that’s essentially the same as the odor of a large orange. 


1 63. intensive physical 


Ductility is a physical property that describes how a substance can be drawn into thin 
wires. A small block of copper is just as ductile as a large block of copper. Ductility is 
based on the identity of the substance, not how much is present, so it’s an intensive 


property. 


164. 


165. 


166. 


167. 


168. 


intensive physical 


Conductivity is a physical property that’s intensive. A piece of silver metal will con- 
duct electricity whether it’s 10 cm long or 30 cm long. The fact that silver is a good 
conductor is based on its identity. 


intensive physical 


Solubility is a physical property because you can evaporate away the solvent and 
be left with the solute. Solubility is intensive; whether something dissolves or not 
depends more on the nature of the substance and the solvent than on the amount. 


12 g/cm? 


Density is the ratio of the mass of a substance to its volume. Enter the numbers in the 
formula and do the math: 


mass 
volume 


_ 97.5 g 
5.0 cm? 
=11.5 g/cm? 


density = 


The 5.0 cm? measurement limits the answer to two significant figures. Rounded to two 
significant figures, the answer is 12 g/cm°. 


0.884 g/mL 
To find the density in grams per milliliter, divide the mass (in grams) by the volume (in 
milliliters): 
4. _ Mass 
density = volume 
_ 221g 
~ 25.0 mL 
= 0.884 g/mL 


Both the mass and the volume measurements have three significant figures, so the 
answer has three significant figures as well. 


1.98 kg/m? 


First, convert the number of grams to kilograms; you can do this by multiplying 3,960 g 
by 1 kg/1,000 g: 
3,960g 1kg 
I “100g 


=3.96 kg 


To get the density, divide the mass by the volume: 
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mass 
volume 


_ 3.96 kg 
~ 2.00 m? 


= 1.98 kg/m? 


density = 


Both the mass and the volume measurements have three significant figures, so the 
answer has three significant figures as well. 


169. 240 g 


Because density = mass/volume, you can multiply density by volume to find the mass. 
Here’s the initial setup: 


density = mass 
volume 
mass = density x volume 
-128 0,200 L 


Before you do the math, you need to make the volume units — milliliters and liters — 
consistent so they’ll cancel out, leaving you with the mass in grams. Because 1 L = 
1,000 mL, you can multiply by the conversion factor 1,000 mL/1 L. Here are the calcula- 
tions, with the conversion factor in parentheses: 


mass = density x volume 
1.2 g Z 1,000 mÉ ) 0.200 
~ lat 1K 1 
=240 g 


The density measurement, 1.2 g/mL, has only two significant figures, limiting your 
answer to two significant figures. The answer is 240 g. 


1 70. 73g 


Because density = mass/volume, you can multiply density by volume to find the mass: 


mass 
volume 


mass = density x volume 


density = 


You have a cube with a side that’s 3.00 cm long. The volume of a cube is equal to 
length x width x height, or side’, so the cube’s volume is V = (3.00 cm)? = 27.0 cm?. To 
find the mass, multiply the density by the volume: 


mass = density x volume 


_ 278 ye 27-0 em" 
Lent® 1 
=72.9 g 


The density measurement (2.7 g/cm?) has only two significant figures, limiting the 
answer to two significant figures, so round the answer to 73 g. 


171. 


172. 


173. 


4.0 g/cm? 


29 kg 


Density is the mass divided by the volume. You need both the mass of the block and 
its volume, so first solve for the volume of the block: 


volume = length x width x height 
= 5.0 cm x 3.0 cm x 2.0 cm 


=30. cm? 
Then enter the mass and volume in the density formula: 
mass 120. g 


density = z = 4.0 g/cm? 


volume 30. cm 
The given volume measurement (30. cm*) has only two significant figures, so you 
include two significant figures in your answer. 


You need to convert several units in this problem, so make a plan. Start by putting the 
quantity that has only one unit (the 1.5 L) over 1; writing the number this way keeps it 
from falling into the denominator. 


Note that the density gives you a conversion factor (19.3 g = 1 cm) that lets you relate 
the given volume to the mass you want to find. Your plan for the conversions in this 
problem may look something like this: L— mL > cm? > g = kg. Here are the calcula- 
tions with the appropriate units canceled out: 


15 1,000mb lem” 193g 1kg 
1 1K lm 1em” 1,000 g 
The given volume (1.5 L) has only two significant figures, so your answer should have 


two significant figures as well. Rounding to two significant figures gives you an answer 
of 29 kg. 


= 28.95 kg 


110 mL 


Density is the mass divided by the volume, and you want to find the volume. You can 
start by solving the density equation for volume: 


mass 
volume 


density x volume = mass 


density = 


mass 
density 


volume = 


Now just enter the numbers and do the math: 


mass 
density 


_ 770g 
~ 0.71. g/mL 


volume = 
= 108.45 mL 


The given density measurement (0.71 g/mL) has only two significant figures, so the 
answer should have two significant figures as well; 108.45 mL rounds to 110 mL. 


Chapter 16: Answers and Explanations ] 6 7 


Answers 
101-200 


Answers 


] 68 Part Il: The Answers 


1 74. 4.00 cm 


You're given the cube’s mass and density. Density is the mass divided by the volume, 
so you can solve for the volume of the cube using the density formula: 


4 _mass 
s density = volume 
N ‘ 
ail: density x volume = mass 
© 
= _ _mass 
volume = density 
672 g 
l =—— 2 _ = 64.0 cm? 
volume 05 dem? cm 


Then solve for the length of a side of the cube. The volume, V, of a cube is side x side x 
side, or sè. Enter the volume in the formula and solve for s: 


V=s° 

W =s 

3/64.0 cm? =s 
s = 4.00 cm 


All the measurements in this problem have three significant figures, so the answer also 
has three significant figures. 


1 75. calorie 


A calorie is the amount of energy required to raise the temperature of 1 g of water by 
1°C. A calorie equals 4.184 joules (J). 


1 76. kilojoules/mole 


The heat content of chemicals is measured in kilojoules per mole (kJ/mol). 


177. Calorie (kilocalorie) 


The food calorie is really a kilocalorie (kcal), or 1,000 calories. You can also indicate a 
food calorie by writing Calorie with a capital C. 


A calorie (small c) is the amount of heat necessary to raise the temperature of 1 g of 
water by 1°C. 


1 78. potential; position 


Objects stored above ground level have energy based on their position, which is 
potential energy. 


1 79. kinetic; motion 


A rolling ball is moving, so it has kinetic energy, the energy of motion. 


180. 


181. 


182. 


183. 


184. 


Note: If the ball is rolling downhill, it has a combination of potential and kinetic energy 
until it reaches the bottom of the hill. At the bottom, all the potential energy (energy of 
position) will have changed to kinetic energy. 


stored; potential 


Fuels contain chemical energy stored in the bonds between elements. This chemical 
energy is potential energy. 


6.207 kcal 


In this problem, start by writing the number of joules over 1. A calorie equals 4.184 J, 
so convert joules to calories by multiplying the number of joules by 1 cal/4.184 J. Then 
convert to kilocalories by multiplying by 1 kcal/1,000 calories: J — cal > kcal: 


25,9704 _ledl_ | 1 kcal 
I 4.184 J ` 1,000 cat 


The answer has four significant figures because the given measurement, 25,970 J, has 
four significant figures. The conversions here are exact numbers, so they have no bear- 
ing on the number of significant figures in the answer. 


= 6.207 kcal 


1.3 x 10” J 


To find the number of joules from a given number of kilocalories, first convert kilo- 
calories to calories by multiplying by 1,000 kcal/1 cal. Then convert calories to joules 
by multiplying by 4.184 J/1 cal: kcal > cal > J: 


3.1x10° keaf 1,000 cal < 4.184 J 


= 12 
I x I 7 ical =1.29704x10 “J 


=1.3x10" J 


The answer has two significant figures because the given energy measurement has two 
significant figures. The conversions involve exact numbers, so they have no bearing on 
the number of significant figures in the answer. 


degrees Celsius, degrees Fahrenheit, and kelvins 


Average kinetic energy is the definition of temperature. You can measure temperature 
in kelvins, degrees Celsius (°C), or degrees Fahrenheit (°F). 


353.2 K 


To find kelvins from degrees Celsius, add 273.15. 
K =°C +273.15 
= 80.0+ 273.15 
= 353.15 K 


The given measurement (80.0°C) has only one decimal place, so round the answer to 
the tenths place. The answer is 353.2 K. 
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185. 801°C 


To solve for degrees Celsius from kelvins, use the Kelvin temperature equation: 


K =°C +273.15 
g °C = K -273.15 
2 =1,074- 273.15 
= = 800.85°C 


Rounded to the ones place, the answer is 801°C. 


186. -297°F 


To convert from degrees Celsius to degrees Fahrenheit, use the formula °F = 2(°C )+32. 


Be sure to follow the order of operations by doing the multiplication and division 
before the addition: 


°F =2(°C)+32 


=(3x(-183))+32 
=-329.4+ 32 
= -297.4°F 


The answer should have three significant figures because the original measurement 
(183°C) has three significant figures; the conversions use exact numbers, so they have 
no bearing on the number of significant figures in the answer. Rounded correctly, the 
answer is —297°F. 


187. 37.0°C 


To go from degrees Fahrenheit to degrees Celsius, use the formula °C = 30°F — 32). 


Follow the order of operations by completing the subtraction in the parentheses 
before multiplying by 5 and dividing by 9: 


°C = 3 (°F -32) 
= 3(98.6-32) 
-3 
= 3 (66.6) 

=37°C 


Write the answer with three significant figures, just like the original number. The 
answer is 37.0°C. 


188. -110°F 


To go from degrees Fahrenheit to degrees Celsius, use the formula °C = (°F —32). 
Plug in -78°C for the °C and solve. 


°F = 2(°C)+32 


=(2x(-78)}+32 
=-140.4432 
=-108.4°F 


Rounded to two significant figures, the answer is -110°F. The answer has two signifi- 
cant figures because the given measurement (—78°C) has two significant figures; the 
conversions are exact numbers, so they don’t have any bearing the on the significant 
figures in the answer. 


189. 318K 


To find the Kelvin temperature from degrees Fahrenheit, first convert from Fahrenheit 
to Celsius: 


°C = 3 (°F -32) 
5 
= a 13-32) 
-3 
-= Š(81) 
=45°C 
Then you can convert from degrees Celsius to kelvins by adding 273.15: 
K =°C +273.15 
= 45+ 273.15 
= 318.15 K 


Rounded to the ones place, the answer is 318 K. 


190. 80.°F 


To find the temperature in degrees Fahrenheit, first convert the temperature from 
kelvins to degrees Celsius by subtracting 273.15 from the Kelvin temperature: 


°C +273.15 = K 
°C = K -273.15 
= 300.- 273.15 
= 26.85°C 
Next, use the formula °F = 2(°C )+32 to convert to degrees Fahrenheit: 


°F = 3(°C)+32 


=( 226.85} +32 


= 48.33 +32 
= 80.33°F 


This answer rounds to 80.°F. 
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1 g 1. 11 protons 


The atomic number of an element is equal to the number of protons. Sodium, Na, is 
atomic number 11, so it has 11 protons. 


1 92. 35 electrons 


The number of protons is equal to the number of electrons in an atom, which is neu- 
tral. Bromine, Br, is atomic number 35. It has 35 protons, so it has 35 electrons. 


1 93. 28 electrons 


Nickel, Ni, has 28 protons. Because the number of protons equals the number of elec- 
trons in an atom, an atom of nickel contains 28 electrons. 


1 9h. 86 protons 


The number of protons in an atom is equal to the element’s atomic number. Radon, Rn, 
is atomic number 86, so it has 86 protons. 


1 95. 21 neutrons 


To find the number of neutrons in an atom, subtract the atomic number (which equals 
the number of protons) from the atom’s mass number (which equals the number of 
protons + the number of neutrons). Here are the calculations for potassium-40: 


# of neutrons = mass number 40-19 protons 
= 21 neutrons 


1 96. The atomic number is equal to the number of protons. 


The general definition of atomic number is the number of protons in an atom. 


1 g9 7. The mass number is equal to the number of neutrons plus the atomic number (the number 
of protons). 


The majority of the mass of the atom is in the nucleus, where you find the protons and 
neutrons, collectively called nucleons. By adding the number of neutrons to the atomic 
number (which equals the number of protons), you get the mass number. 


198. 29 protons, 29 electrons, and 34 neutrons 


The number of protons is equal to the atomic number; therefore, copper, Cu, has 
29 protons. Because the atom is neutral, the number of protons equals the number 
of electrons. 


199. 


200. 


201. 


202. 


203. 


204. 


205. 


To get the number of neutrons, subtract the number of protons (29) from the mass 
number. The mass number, 63, follows the name of the element in copper-63, so the 
number of neutrons is 63 — 29 = 34. 


6 protons and 8 neutrons 


If the atom has 6 electrons, then it has 6 protons, because the positive and negative 
charges have to cancel each other out. The number of neutrons is equal to the mass 
number minus the number of protons: 14- 6 = 8. 


mass number 91, 40 protons 
The number of protons equals the number of electrons in an atom, so 40 electrons 
means 40 protons. The element is atomic number 40, zirconium (Zr). 


The mass number is equal to the number of protons plus the number of neutrons. The 
atom contains 51 neutrons, so the mass number is 40p + 51n = 91. 


the mass number 


In isotope notation ( ZX ), the top number A represents the mass number, which is the 
sum of the number of protons and neutrons in the nucleus of the atom. 


the number of protons 


In isotope notation ( 7X ), the bottom number Z represents the atomic number, which is 
the same as the number of protons in the nucleus of the atom. 


9 protons, 9 neutrons 


In isotope notation, the bottom number is equal to the number of protons, so '3F has 
nine protons. The number of neutrons is equal to the top number (mass number) 
minus the bottom number (atomic number): 18 — 9 = 9 neutrons. 


11 protons, 14 neutrons 


The bottom number in isotope notation is the atomic number, which is equal to the 
number of protons, so ^ Na has 11 protons. The number of neutrons is equal to the 
mass number (the top number) minus the atomic number (the bottom number): 
25-11 = 14 neutrons. 


12 
C 


In isotope notation, carbon-12 has the atomic symbol C with a mass number of 12 on 
top. The bottom number is the atomic number of carbon, 6. The mass number follows 
the name of the element in the isotope name (carbon-12), and you can find the ele- 
ment’s symbol and atomic number on the periodic table. 
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207. 


208. 


209. 


210. 


211. 


212. 


213. 


xC 
In isotope notation, chlorine-37 has the atomic symbol Cl with a mass number of 37 on 
top. The bottom number is the atomic number of chlorine, 17. The mass number fol- 
lows the name of the element in the isotope name (chlorine-37), and you can find the 
element’s symbol and atomic number on the periodic table. 

argon-35 


Ar is the symbol for argon. When you write the isotope name, the top number in iso- 
tope notation (the mass number) becomes the number that follows a hyphen and the 
element’s name: argon-35. 


An ion has a different number of electrons from the atom. 


An ion is an atom that has either gained or lost electrons. 


If, instead, the number of protons changes, then the element’s identity is changed 
(transmutation). If the number of neutrons changes, you have an isotope. 


isoelectronic 


The prefix for same is iso-, so two atoms or ions with the same number of electrons are 
said to be isoelectronic. 


The number of protons is greater than the number of electrons. 


Protons are positive and electrons are negative, so for an ion to be positive, it needs 
more protons than electrons. An ion with a positive charge has lost electrons. 


The number of protons is less than the number of electrons. 


For an ion to have a negative charge, it must have more electrons than protons. An ion 
with a negative charge has gained electrons. 


20 protons and 18 electrons 


%3% Ca” has a positive charge, so the number of protons must be greater than the 
number of electrons. The atomic number of Ca is 20 (the bottom number in isotope 
notation), giving you 20 protons. To find the number of electrons, simply subtract the 
charge from the number of protons: 20 — 2 = 18 electrons. 


53 protons and 54 electrons 


For an ion to be negative, it needs to have more electrons than protons. Iodine has an 
atomic number of 53, so it has 53 protons. Because the iodine ion has a -1 charge, the 
ion must have one more electron than proton, giving you a total of 54 electrons. 


214. 


215. 


216. 


217. 


218. 


219. 


13 protons and 10 electrons 


For an ion to be positive, the atom must have more protons than electrons. ¥% Al** 
needs to have three more protons than electrons, because the charge is +3. With an 
atomic number of 13, the aluminum ion must have three fewer electrons than protons: 
13 -3 = 10 electrons. 


15 protons and 18 electrons 


Ag 


34 Q2- 
16 S 


Sometimes you need to look up the atomic number to determine the number of pro- 
tons. The atomic number of phosphorus, P, is 15, so phosphorus has 15 protons. You 
can find the number of electrons by subtracting the charge from the number of pro- 
tons: 15 -(-3) = 15 + 3 = 18 electrons. 


To write the isotope notation, start with the symbol for silver, Ag. To the left of the 
symbol and slightly above the base line, write 109, the mass number that follows the 
hyphen after the element’s name. Then write the atomic number, 47 (from the periodic 
table), below 109. Write a plus sign as the superscript after the Ag to indicate the 
charge; writing the 1 isn’t necessary because it’s understood. 


The symbol for sulfur is S. Write the mass number, 34, to the upper left of the S. Sulfur 
has an atomic number of 16, so write 16 under the 34. Represent the charge of negative 
2 by writing the superscript 2- after the S. 


24 protons, 28 neutrons, 18 electrons 


Chromium, Cr, has an atomic number of 24, which is equal to the number of protons. If 
the mass number is 52, then the atom contains 28 neutrons, because the mass number 
minus the atomic number (from the periodic table) gives you the number of neutrons: 
52 — 24 = 28 neutrons. 


To get the number of electrons, subtract the ion’s charge from the number of protons: 
24 - 6 = 18 electrons. This answer makes sense because a +6 charge means that there 
are six more protons than electrons. 


28 protons, 34 neutrons, 25 electrons 


Nickel, Ni, has an atomic number of 28, which is equal to the number of protons. 
Because the top number in the isotope notation is 62, the mass number is 62. To find 
the number of neutrons, subtract the atomic number (from the periodic table) from 
the mass number: 62 — 28 = 34 neutrons. 


To get the number of electrons, subtract the ion’s charge from the number of protons: 
28 — 3 = 25 electrons. This answer makes sense because a +3 charge means that there 
are three more protons than electrons. 
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2 2 0. Hund’s rule 


“Electrons fill subshells singly before doubly” is a shortened restatement of Hund’s rule. 


2 2 1. Aufbau principle 


The Aufbau principle describes the order in which electrons fill orbitals. 


222. 14 


There are seven f orbitals. Each orbital can hold a maximum of two electrons, so a 
maximum of fourteen electrons are in the f orbitals. 


223. 6 


There are three p orbitals. Each orbital can hold a maximum of two electrons, soa 
maximum of six electrons are in the p orbitals. 


22 4. 1s?2s?2p? 


Carbon, C, has an atomic number of 6, which means that it has six protons and six elec- 
trons. Electrons fill orbitals from lowest energy to highest energy, so the first energy 
level gets filled before the second energy level. Remember that the s orbital can hold a 
maximum of two electrons and that the p orbitals can hold a maximum of six electrons. 


To check the electron configuration, note that adding the superscripts on 1s?2s?2p? 
gives you 2 + 2 + 2 = 6 electrons. 


22 5. 1s?2s?2p°3s? 


Magnesium, Mg, has an atomic number of 12, so it has 12 protons and 12 electrons. 
Electrons fill orbitals from the first energy level up to the third in magnesium. The first 
energy level contains two electrons, the second energy level contains eight electrons 
(two in an s orbital and six in a p orbital), and the third energy level contains the last 
two electrons, for a total of 12 electrons. 


22 6. 1s?2s?2p°3s73p° 


Argon, Ar, has an atomic number of 18, so it has 18 protons and 18 electrons. The elec- 
trons fill the first and second energy levels completely (two in each s orbital and six in 
the p orbital). The remaining electrons fill the 3s and 3p orbitals. 


22 7. 1s?2s?2p°3s73p°4s?3d!04p> 


An atom of bromine, Br, has 35 protons and 35 electrons. The first energy level can 
hold a maximum of two electrons, and the second energy level can hold a maximum 
of eight electrons (two in the s orbital and six in the p orbital). The third energy level 
can hold a maximum of 18 electrons (two in an s orbital, six in p orbitals, and 10 in 
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d orbitals), and the fourth energy level contains the remainder of the electrons. 
Remember that the 4s orbital doesn’t require as much energy as the 3d orbital in order 
to fill with electrons, so the 4s orbital fills first. 


228. 1s?2s?2p°3s73p°4s73d!94p°5s74d2 


An atom of zirconium, Zr, has 40 protons and 40 electrons. The first energy level con- 
tains two electrons, the second energy level contains eight electrons (two in the s 
orbital and six in the p orbital), the third energy level contains 18 electrons, and the 
fourth energy level contains the remainder of the electrons. Remember that the 5s 
orbital doesn’t require as much energy as the 4d orbital in order to fill with electrons, 
so the 5s orbital fills first. 


Answers 
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22 g. 1s?2s?2p°3s73p°4s73d!94p°5s74d!"5p°6s24f!45d!°6p°7s25f* 
Finding the expected electron configuration of plutonium, Pu, is hard because there 
are so many electrons. When you get down to the bottom of the periodic table, elec- 


trons are in every energy level. Just be sure to add them in the correct order based on 
the energy it takes to fill the orbitals. 


Adding the superscripts in the expected electron configuration, 
1s?2s?2p°3s?3p%4s73d!94p°5s74d!5p%6s74f!45d6p7s25f, gives you2+2+6+2+ 
6+2+10+6+2+10+6+2+14+10+6+2+6=94 electrons. 


2 3 0. the spin quantum number 


The spin quantum number, s, describes the direction of the spin of the electron. 
According to this model, the electron spins either clockwise or counterclockwise. 


2 3 1. the principal quantum number 


The principal quantum number, n, describes the average distance between the nucleus 
and the orbital, with the first energy level at a distance of 1. 


2 3 2 . the magnetic quantum number 


The magnetic quantum number, m, describes how the orbitals are oriented in three- 
dimensional space. 


2 33. the angular momentum quantum number 
The angular momentum quantum number, l, describes the shape of the orbital. 
234. -4,14 
i 2 2 
An electron can spin in only two directions: clockwise or counterclockwise. Because 


direction is relative, each has a numeric value of 1/2 assigned to the electron; one 
direction is considered positive, and the other is negative. 


Answers 
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2 35. average atomic mass 


The decimal number found in most blocks on the periodic table is the weighted aver- 
age of the relative abundance of all known isotopes. The more common an isotope is, 
the more it affects the average atomic mass. 


236. 6.940 amu 


To find the average atomic mass, take the percent abundance and multiply it by the 
given mass of the element. Repeat for as many isotopes as are given. Then add the 


= multiplied numbers together: 
l 
Ss 38 x6.0151 amu = 0.45655 amu 
N 
92.41 


x 7.0160 amu = +6.48349 amu 
= 6.94004 = 6.940 amu 


100 


2 3 7. 35.45 amu 


You have two isotopes, so take the percent of each isotope, multiply it by the given 
mass of the isotope, and then add the two numbers together: 


173 x 34.96885 amu ~ 26.49939 amu 
20-22 + 36.9659 amu = + 8.95314 amu 


= 35.45253 amu = 35.45 amu 
2 3 8. 24.31 amu 


Multiply each atomic mass by the percent abundance of each isotope and add the 
three numbers together: 


1823 x 23.985 amu= 18.9458 amu 
10.00 x 24.986 amu= 2.4986 amu 


11.01 
100 


x 25.983 amu = + 2.8607 amu 
= 24.3051 amu = 24.31 amu 


239. 39.098 amu 


Multiply each atomic mass by the percent abundance of each isotope and add the 
three numbers together. Be careful in this question — remember to divide the percent 
that’s less than 1 by 100 just like the other percent abundances: 


93.258 38.9637 amu = 36.33677 amu 


0.01170 «39.9640 amu~ 0.0046758 amu 


6-1302 x 40.9618 amu = + 2.756811 amu 
= 39.0982568 amu = 39.098 amu 


240. 55.845 amu 


Multiply each atomic mass by the percent abundance of each isotope and add the four 
numbers together. Don’t forget to divide the percent that’s less than 1 by 100 just like 
the other percent abundances. 


5.845 X 53 9396 amu = ....3.152770 amu 


100 
31194 x 55.9349 amu = 151.322508 amu 
2-119 X 56.9354 amu = ....1.206461 amu 


0,282 x 57.9333 amu ~ + 0.163372 amu 
= 055.845111 amu = 55.845 amu 


241. 83.80 amu 


Multiply each atomic mass by the percent abundance of each isotope and add the six 
numbers together. What makes this problem challenging is the sheer number of num- 
bers and decimal places that you have to keep up with. Having a calculator that can 
retain your display until you finish entering the numbers is a definite plus here. 


0:350 77.9204 amu~ 0.27272 amu 


228 x79.9164amu~ 1.82209 amu 


11958 x81.9135 amu=~ 9.48558 amu 


Ma x82.9141 amu~ 9.52683 amu 


57.00 «83.9115 amu~ 47.82956 amu 


1730 x 85.9106 amu = + 14.86253 amu 
83.79931 amu = 83.80 amu 


W 


242. 80.% boron-11 


To solve this problem, you need to rely on your algebra skills. You have two isotopes 
of boron, and you have to solve for the percent abundance of one of the isotopes. So 
here’s your initial equation: 


(% B-11)(mass B-11) + (% B-10)(mass B-10) = average atomic mass 
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Next, substitute in the given numbers from the problem: 
(% B-11)(11.009306 amu) + (% B-10)(10.012397 amu) = 10.81 amu 


You have two unknown percentages, and you need to figure out how they’re related. 
The two percentages have to add up to 100%: (% B-11) + (% B-10) = 100%. In decimal 
form, 100% equals 1, so if you consider the amount of boron-11 to be x, then the 
amount of boron-10 has to be 1 - x. 


By substituting these values into the initial equation and solving for x, you can find the 
percent of boron-11: 


11.009306x + 10.012937(1- x) = 10.81 


e 11.009306x + 10.012937 — 10.012937 x = 10.81 
T 0.996369x + 10.012937 = 10.81 
S 0.996369.x = 10.81 — 10.012937 


0.996369x _ 0.797063 
0.996369 ~ 0.996369 


x = 0.79997 
x = 79.997% 
x = 80.% boron-11 


The subtraction in the fourth line (10.81 — 10.012937) limits the answer to two decimal 
places (two significant figures), which in turn limits the final answer to two significant 
figures. 


2 43. nuclear fusion 


Nuclear fusion is the process that occurs in the sun to give off energy. During nuclear 
fusion, two atomic nuclei join (fuse) to form a heavier nucleus. 


2 4 4. nuclear fission 


Nuclear fission is the process by which large atoms are broken into smaller atoms, pro- 
ducing large amounts of energy as well as additional neutrons as byproducts. 


2 45. alpha decay 


An alpha particle is a helium nucleus (two protons and two neutrons), so when a 
helium nucleus is ejected from the nucleus of an atom, the nucleus is said to have 
undergone alpha decay. 


2 4 6. gamma decay 


A îy ray, or gamma ray, is evidence of gamma decay. The superscript 0 is the mass 
number, the subscript 0 is the atomic number, and yis the Greek letter gamma. A 
gamma ray is a high-energy form of electromagnetic radiation (light). 


247. 


248. 


249. 


250. 


251. 


252. 


-1 


Beta decay produces a beta particle, which is essentially an electron. The superscript 0 
is the mass number, the subscript -1 is the atomic number, and e is the symbol for an 
electron or positron. You can also write beta decay as $. 


positron emission 


A Je particle is a positron. The superscript 0 is the mass number, the subscript +1 is 
the atomic number, and e is the symbol for a positron or electron. When a positron is 
produced in a nuclear reaction, the atom is said to have undergone positron emission. 


electron capture 


An easy way to distinguish between electron capture and beta decay is to determine 
where the electron is in the equation. In beta decay, the electron is on the product side 
of the reaction, but with electron capture, the electron is on the reactants side. In this 
reaction, the beryllium atom has captured the beta particle, making a lithium atom. 


For the beryllium atom (Be), electron (e), and lithium atom (Li), the superscripts are 
the mass numbers, and the subscripts are the atomic numbers. In a nuclear equation, 
the sum of the superscripts on each side must be equal, and the sum of the subscripts 
on each side must be equal. 


alpha decay 


The emission of an alpha particle — two protons and two neutrons — from a nucleus 
is evidence of alpha decay. Remember that an alpha particle is the same thing as a 
helium nucleus. 


For the uranium atom (U), thorium atom (Th), and helium (He), the superscripts are 
the mass numbers and the subscripts are the atomic numbers. In a nuclear equation, 
the sum of the superscripts on each side must be equal, and the sum of the subscripts 
on each side must be equal. 


gamma decay 


The emission of a gamma ray ( oY ) is evidence of gamma decay. 


beta decay 


Beta decay occurs when a beta particle, or electron, is emitted from a nucleus. For the 
phosphorus atom (P), sulfur atom (S), and electron (e), the superscripts are the mass 
numbers, and the subscripts are the atomic numbers. In a nuclear equation, the sum of 
the superscripts on each side must be equal, and the sum of the subscripts on each 
side must be equal. 
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The missing particle in this reaction is the only reactant. In nuclear reactions, the mass 
numbers on the left side of the arrow have to add up to the sum of the mass numbers 
on the right side of the arrow. That means the mass number of the missing particle on 
the left has to be 220 + 4 = 224. 


Similarly, the atomic numbers on the left of the arrow have to add up to the sum of the 
atomic numbers on the right side of the arrow. Therefore, the atomic number of the 
missing particle on the left has to be 86 + 2 = 88. 


Use the atomic number to identify the element symbol to finish the isotope notation. 
The element with atomic number 88 is radium, Ra. 


254. ** Pu 


Because the total mass numbers and atomic numbers on the left and right sides of the 
arrow have to be equal, use a little algebra and solve for the missing piece. Subtract 
the numbers for helium from the numbers for curium: The mass number of the missing 
particle is 247 — 4 = 243, and the atomic number of the missing particle is 96 — 2 = 94. 


Then look up the identity of the element whose atomic number is 94 to get the symbol, 
Pu, for plutonium. 


255. 1B 


By subtracting the mass numbers and atomic numbers of the elements on the left side 
of the arrow from the mass numbers and atomic numbers of the isotopes on the right 
side of the arrow, you can find the missing piece of this equation. Take the plutonium 
numbers minus the americium numbers. The mass number of the missing particle is 
241 — 241 = 0, and the atomic number of the missing particle is 94 — 95 =-1. 


No element has an atomic number with a charge, so this must be something that basi- 
cally has no mass and a charge of -1, which is a beta particle (electron). 


256. y 


When gamma ray emission occurs, the same element with the same mass and atomic 
numbers shows up on both sides of the equation. No mass was lost, so the emitted 
particle must be a gamma ray, 97. 


257. = Mo 


To find the missing part of this equation, subtract the mass numbers and atomic num- 
bers of the isotopes on the left side of the arrow from the mass numbers and atomic 
numbers of the isotope on the right side of the arrow. Take the niobium numbers 
minus the beta particle numbers. The mass number of the missing particle is 93 — 0 = 
93, and the atomic number of the missing particle is 41 — (1) = 42. 


Next, use the periodic table to look up atomic number 42 to get the symbol, Mo, for 
molybdenum. 
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This question involves two isotopes on the right side of the arrow, so add together 
their mass numbers and then their atomic numbers. The sum of the mass numbers is 
4+ 1 = 5, and the sum of the atomic numbers is 2 + 0 = 2. 


Next, subtract the mass number and the atomic number of the hydrogen isotope on 
the left side of the arrow: The difference in mass numbers is 5 — 2 = 3, and the differ- 
ence in atomic numbers is 2-1 = 1. 


The resulting atomic number is 1, which is the atomic number of hydrogen. This form 
of hydrogen, with a mass number of 3, is a very special isotope known as tritium. 


259. 5o 


Answers 
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This question involves two isotopes on the left side of the arrow, so add together their 
mass numbers and then their atomic numbers. The sum of the mass numbers is 4 + 14 = 
18, and the sum of the atomic numbers is 2 + 7 = 9. 


Next, subtract the mass number and the atomic number of the hydrogen isotope on 
the right side of the arrow. The difference in mass numbers is 18 - 1 = 17, and the dif- 
ference in atomic numbers is 9 - 1 = 8. 


The resulting atomic number is 8, which is the atomic number of oxygen, O. 


260. 2in 


To solve for the missing piece of this equation, not only do you have to add together 
the two parts on the left side of the arrow, but you also have to combine the two parts 
on the right side of the arrow. On the left, the sum of the mass numbers is 235 + 1 = 
236, and the sum of the atomic numbers is 92 + 0 = 92. On the right, the sum of the 
mass numbers is 134 + 100 = 134, and the sum of the atomic numbers is 54 + 38 = 92. 


Next, subtract the sums on the right side of the arrow from the sums on the left. The 
difference in mass numbers is 236 — 234 = 2, and the difference in atomic numbers is 
92 - 92 = 0. 


The missing part has an atomic mass of 2 and no protons or electrons. A neutron has a 
mass of 1 and has no charge, so two neutrons must be missing from the right side of 
this equation. 


261. 12.5¢ 


To find the amount of undecayed atoms that remain after a certain number of half- 
lives, you can take the original amount and divide it by 2 as many times as there are 
half-lives. Visually, the process could look like this: 


400. g +2 200. g +2 100. g +2 50.0 g +2 25.0 g +2 12.5 g 


Or mathematically, you can write the mass of undecayed atoms as 
initial mass x | 3} 


which simplifies to the following: 
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initial mass 
Qn 
where n is the number of half-lives that have occurred. Here are the calculations for 
this problem: 
400. g 
25 


=12.5g 


262. 43.8 g 


To find the amount of decayed atoms, first calculate the mass of atoms that remain unde- 
cayed after a certain number of half-lives. You can take the original amount and divide it 
by 2 as many times as there are half-lives. Visually, the process could look like this: 


50.0 g +2 25.0 g +2 12.5 g +2 6.25 g 


Or mathematically, you can write the mass of undecayed atoms as 
initial mass 
Qn 
where n is the number of half-lives that have occurred. Enter the numbers and solve: 
50.0 g 
23 


=6.25 g 


Then subtract the mass of undecayed atoms from the original sample to find out how 
much of the sample has decayed: 50.0 g — 6.25 g = 43.75 g, which is 43.8 g when you 
round the answer to the tenths place. 


263. 330. g 


To find the size of the original sample, simply multiply the mass of the final sample by 
2 six times, because it went through six half-lives: 


5.15 gx2x2x2x2x2x2 
=5.15 gx2° 
= 329.6 g 


264. 4 


The amount of undecayed material is the original amount of material divided by 2 
raised to n, a power equal to the number of half-lives: 


original amount 
gr 


Enter the numbers and start to solve for the number of half-lives: 


= amount remaining 


20 
1.500 x a atoms = 9.375 x 102 atoms 
1.500 x10” atoms = (9.375 x 108 atoms ) x2" 
1.500 x 10” atoms _ gn 
9.375 x10 atoms 
16=2" 


265. 


266. 


267. 


Take the log of both sides of the equation and finish solving for n: 
16=2" 


log 16 = log(2") 
log 16 = nlog2 


Q0 |== 


First, determine how many half-lives have passed by dividing the total time elapsed by 
the duration of one half-life: 


39 heurs _ 1 half-life _ ; 
I x 13 z~ 3.0 half-lives 


Next, divide 1 by 2 the number of times equal to the number of half-lives: 


1_ 1 l 
23 2x2x2 8 


24.8 g 
First, determine how many half-lives have passed by dividing the total time elapsed by 
the length of one half-life: 


56.14 dayS 1 halflife _ i 
i X302 dave > 7.00 half-lives 


Next, determine how many grams remain undecayed by dividing 25.0 g by 2 raised to 
the number of half-lives: 


25.0 
7 S 0.195 g 


Finally, subtract the grams of undecayed iodine-131 from the original number of grams: 
25.0 g - 0.195 g = 24.8 g decayed. 


176 g 


First, determine how many half-lives have passed. To do this, divide the total number 
of years by the length of one half-life: 


115.6 years 1 half-life _ 
i X38 9 a 4.00 half-lives 


After you know how many half-lives have passed, you can get the size of the original 
sample. Multiply the 11 grams that remain undecayed by 2 multiplied by itself four 
times (the number of half-lives): 


llgx2x2x2x2 
=llgx2' 
=176 g 
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2 68. 1 minute 


On this question, you first need to determine how many half-lives have passed. The 
amount of undecayed material is the original amount of material divided by 2 raised to 
n, a power equal to the number of half-lives: 
original amount 
Jn 


= amount remaining 


Plug in the numbers and start to solve for the number of half-lives: 


10 
236x c atoms _ 8.00 x 10° atoms 


2.56 x 10"° atoms = (8.00 x 10° atoms) x 2” 
2.56 x10" atoms _ gn 
8.00 x 10° atoms 
32 = 2" 
Take the log of both sides of the equation and solve for n: 
32 =2" 
log 32 = log(2”) 
log 32 = nlog2 
log32 _ 
log2 ~ 
5=n 


Now divide the length of time that has passed, 5 minutes, by the number of half-lives to 
get the length of one half-life: 


_omin.  _ 4 pmi a 
5 half-lives ~ | min./haltlife 


269. 


Aw 


First, determine how many half-lives have passed by dividing the total time elapsed by 
the length of one half-life: 


aN days y Lhalflife _ 5 9 half-lives 
1 160 days ` 


Now you can pick any sample size and think about the decay process. After one half- 
life, 50% of the sample remains. After a second half-life, 1/2 of the 50%, or 25%, of the 
sample remains. And 25% is 1/4 of the original amount. 


If 1/4 of the sample remains, then 3/4 of the sample has decayed. 


270. 110 hours 


You first need to determine how many half-lives have passed. The amount of undecayed 
material is the original amount of material divided by 2 raised to n, a power equal to the 
number of half-lives: 


271. 


272. 


273. 


274. 


Cl 


Al 


Cd 
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original amount 


= amount remaining 


The units of mass don’t match, so convert the kilograms to grams (1,000 g = 1 kg). 


Then start to solve for the number of half-lives: 
2.5 kg x 1,000 g 

2 n 
2,500 g = (0.61 g)x2" 


2,500 g 
0.61 g 


4,098.36 = 2" 


=0.61g 


=2" 


Take the log of both sides of the equation and solve for n: 
4,098.36 = 2” 
log 4,098.36 = log(2”) 
log 4,098.36 = nlog2 


log 4,098.36 
—> =n 
log 2 
12=n 


187 
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After you know how many half-lives have passed, you can determine the total amount 


of time by multiplying the length of one half-life by the number of half-lives: 
9.35 hours . = 
Thales x 12 halftivés = 110 hours 


The symbol for carbon is C. 
The symbol for chlorine is Cl. 
The symbol for aluminum is Al. 


The symbol for cadmium is Cd. 
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275. 


276. 


277. 


278. 


279. 


280. 


281. 


282. 


283. 


284. 


285. 


Cu 
The symbol for copper is Cu. The symbol originates from the Latin word cuprum. 
As 
The symbol for arsenic is As. Ar is the symbol for argon, not arsenic. 
Na 
The symbol for sodium is Na. The symbol originates from the Latin word natrium. 
K 
The symbol for potassium is K. The symbol originates from the Latin word kalium. 
Fe 
The symbol for iron is Fe. The symbol’s origins are in the Latin word ferrum, which 
means iron. 
Ag 
The symbol for silver is Ag. The symbol originates from the Latin word argentum, 
which means silver. 
nitrogen 
The element with the symbol N is nitrogen. 
sulfur 
The element with the symbol S is sulfur. 
bromine 
The element with the symbol Br is bromine. 
phosphorus 
The element with the symbol P is phosphorus. The symbol for potassium is not P but K. 
manganese 


The element with the symbol Mn is manganese. The symbol for magnesium is Mg, not Mn. 


286. 


287. 


288. 


289. 


290. 


291. 


272. 


293. 


294. 
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astatine 


The element with the symbol At is astatine. 


radium 


The element with the symbol Ra is radium. The symbol for radon is Rn. 


mercury 


The element with the symbol Hg is mercury. The symbol originates from the Latin 
word /hydrargyrum, which means liquid silver. 


tin 


The element with the symbol Sn is tin. The symbol comes from the Latin word stan- 
num, which means tin. The symbol for silicon is Si. 


protactinium 


The element with the symbol Pa is protactinium. 


horizontally 


189 
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A period goes horizontally — from left to right or right to left — on the periodic table. 


touching the top and bottom of the stair-step line that starts between B and Al and goes down 


to Te and Po 


The metalloids are elements that have characteristics of both metals and nonmetals; 


they form a border between the metals and nonmetals on the periodic table and include 
Si, Ge, As, Sb, Te, and Po. Elements (except for hydrogen) that are to the left of the stair- 


step line are metals, and elements to the right of the stair-step line are nonmetals. 


in the second column of the periodic table 


The alkaline earth metals include Be, Mg, Ca, Ba, and Ra, which are in the second 
column (Group 2 or IIA) of the periodic table. 


in the middle of the periodic table 


The transition metals are in the middle of the periodic table (from Sc to Zn and the rows 


directly below those ten elements). These groups are usually numbered 3 to 12 or IIIB 


to IIB. 


Answers 
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2 95. in the rightmost column of the periodic table 


The noble gases, He, Ne, Ar, Kr, Xe, and Rn, are in the rightmost column of the periodic 
table. This column is usually labeled Group 18, 0, or VIIA. 


2 96. in the bottom two rows of the periodic table 


The inner transition metals (elements 58 to 71 and 90 to 103) are located in the bottom 
two rows of the periodic table, or between La and Hf and Ac and Rf in an expanded 
view of the periodic table. Elements 58 to 71 comprise the lanthanide series, and ele- 
ments 90 to 103 comprise the actinide series. In both of these series, the f subshells 
are being filled. 


2 g 7. in the leftmost column of the periodic table 
s Li, Na, K, Rb, Cs, and Fr are all members of the alkali metal family and are located in 
Ñi the leftmost column (Group 1 or IA) of the periodic table. 
© 
eo 


298. Dmitri Mendeleev 


Dmitri Mendeleev arranged all the known elements of his time based on the physical 
properties of the elements, focusing on atomic mass. 


German chemist Lothar Meyer did the same thing independently at the same time as 
Mendeleev, but Mendeleev receives more credit because he went further in his 
predictions. 


2 99. Henry Moseley 


Henry Moseley, an English physicist, is credited with arranging the modern periodic 
table with the elements in order of increasing atomic number. 


3 00. above and to the right of the stair-step line that starts between B and Al and goes down 
to Te and Po 


Most of the elements that exist as gases at room temperature (N, O, F, Cl, He, Ne, Ar, 
Kr, Xe, and Rn) are above and to the right of the stair-step line. The only exception is 


H, hydrogen, although some versions of the periodic table do place hydrogen above 
fluorine, in the halogen family. 


3 0 1. the alkali metals 


Potassium, K, is in the leftmost column of the periodic table, the alkali metal family. 


3 02. the transition metals 


Silver, Ag, is under copper, Cu, in the transition metals. 


303. 


306. 


305. 


306. 


307. 


308. 


309. 


310. 


371. 


312. 


the oxygen family 


Selenium, Se, is in the same column as oxygen, O, so selenium is a member of the 
oxygen family. 


the carbon family 


Tin, Sn, is two blocks below carbon on the periodic table, making tin a member of the 
carbon family. 


the halogen family 


Iodine, I, is in the same family as F, Cl, Br, and At, the halogen family. 


the alkaline earth metals 


Calcium, Ca, is in the same family as Be, Mg, Sr, Ba, and Ra, making calcium a member 
of the alkaline earth metals. 


the boron family 


Aluminum, Al, is under boron, B, on the periodic table, so aluminum is in the boron family. 


the inner transition metals 


The heaviest naturally occurring element is uranium, U. It’s in the inner transition 
metals on the periodic table. 


the transition metals 


Mercury, Hg, is the only metal that’s liquid at room temperature. Mercury is in the 
transition metals on the periodic table. 


the halogen family 


Bromine, Br, is the only nonmetal that’s a liquid at room temperature. Bromine is in 
the halogen family (Group 17 or VIIA). 


the boron family 


Members of the boron family (Group 13 or IIIA) have three valence electrons. Their 
electron configurations have s’p! in their outermost energy level. 


the nitrogen family 


The members of the nitrogen family (Group 15 or VA) have five valence electrons. 
Their electron configurations have s’p° in their outermost energy level. 
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3 13. the alkaline earth metals 


The alkaline earth metals (Group 2 or IIA) have two valence electrons in their s orbital. 


3 14. increase; increase 


As you go across a period (row), the masses of the elements generally increase — with 
just a few exceptions. As you go down a period (column), the masses of the elements 
always increase. 


3 15. decrease; increase 


The radii of the elements generally decrease going across a period from left to right, 
and the radii increase going down a family. 


3 16. ionization energy 


lonization energy is the amount of energy needed to remove an electron from a gaseous 
atom. The ion that forms has fewer electrons than protons, giving the ion a net posi- 
tive charge. 


3 1 7. electron affinity 


Affinity means attraction, so if you have a chocolate affinity, you’re attracted to choco- 
late and would gladly add some to your collection. Similarly, if an atom has a high elec- 
tron affinity, it has an attraction for electrons and would want to add them to its 
collection. 


3 18. larger than; more 


An anion is a negatively charged ion. This means that an anion has more negatively 
charged particles (electrons) than positively charged particles (protons). The ionic 
radius of an anion is larger than the radius of the atom because the ion has more elec- 
trons (and less of an effective nuclear charge) than the atom. 


3 19. decrease; increases 


The atomic radii of the elements decrease in size going from left to right across a 
period because with each successive element, an additional proton is added to the 
nucleus. These additional protons pull the electrons in closer to the nucleus, making 
the distance across the atom smaller. 


320. Be < Ca < Ba 


Ba, Be, and Ca (barium, beryllium, and calcium) are all in the same family. The atomic 
radius increases as you go down a family because more energy levels are being added, 
so Be < Ca < Ba. 


321. 


322. 


323. 


326. 


325. 


326. 


327. 


cl<S<P 


Cl, P, and S (chlorine, phosphorus, and sulfur) are all in the same period on the peri- 
odic table. Within a period, the effective nuclear charge increases along with the 
atomic number. The greater positive charge in the nucleus pulls on the electrons more 
strongly, leading to a smaller atomic radius. 


Li<B<C 


B, C, and Li (boron, carbon, and lithium) are in the same period on the periodic table. 
Ionization energy increases going from left to right in a period because the additional 
protons pull electrons closer to the nucleus, so removing an electron takes more energy. 


I < Br<Cl 


Br, Cl, and I (bromine, chlorine, and iodine) are in the same family. In a family, the ion- 
ization energy decreases from top to bottom because the larger the atom is, the less 
energy it takes to remove an electron. All the extra electrons create shielding between 
the nucleus and the valence (outermost) electrons. 


N<O<F 


F, O, and N (fluorine, oxygen, and nitrogen) are in the same period on the periodic 
table. Within a period, the nucleus with the most protons attracts the electrons most 
strongly. N has the fewest protons of the given elements, so it has the lowest electron 
affinity; F has the most protons, so it has the highest electron affinity. 


Te < Se <S 


S, Se, and Te (sulfur, selenium, and tellurium) are in the same family on the periodic 
table. Within a family, the atomic radius increases with increasing atomic number. 


The atom with the smallest radius has the highest electron affinity. The atom with the 
largest atomic radius has a hard time keeping the electrons that it has, so it has low 
ionization energy. Te has the largest radius and S has the smallest, so Te < Se < S. 


Sn > Si > Cl 


Chlorine (CI) is a nonmetal, silicon (Si) is a metalloid, and tin (Sn) is a metal. When 
putting these elements in order from most to least metallic, place Sn before Si and Si 
before Cl. 


Mg < Na < K 


For any period on the periodic table, the effective nuclear charge increases with 
increasing atomic number. And for any column on the periodic table, the number of 
occupied energy levels increases with increasing atomic number. 
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Mg (magnesium) has a smaller radius than Na (sodium) because Mg has a larger effec- 
tive nuclear charge. Na has a smaller radius than K (potassium) because Na has one 
fewer energy level. 


328. S* > O07 >F 


Adding electrons increases the radius. The greater the number of electrons added, the 
greater the increase in the radius, because the electrons spread out as they repel each 
other. This is why both O% and S* are larger than F-. S, which is lower on the periodic 
table than O, has an additional energy level, so it’s larger. 


329. F> Li > Cs 


The ionization energy of F (fluorine) is greater than the ionization energy of Li (lithium) 
because F has the greater effective nuclear charge. Cs (cesium) has a lower ionization 
energy than Li because the Cs atom has more shielding from the large number of elec- 
trons that exist between the nucleus and the valence electrons. 


330. Ba < Bi < N 


Within a period, effective nuclear charge increases with increasing atomic number, and 
within a column, atomic radius increases with increasing atomic number. 


Ba (barium) has a lower ionization energy than Bi (bismuth) because Bi has a greater 
effective nuclear charge. However, Bi has a lower ionization energy than N (nitrogen) 
because removing an electron from Bi requires less energy; the valence electrons in Bi are 
farther away from their nucleus than the valence electrons in N are from their nucleus. 


33 1. sodium chloride 


A binary ionic compound contains two elements, a metal and a nonmetal. The metal is 
present as a cation (positive ion), and the nonmetal is present as an anion (negative ion). 


The cation name, which matches the original metal name (sometimes with info on the 
oxidation state), always goes before the anion name. The name of the nonmetal is 
altered to have an -ide suffix (sometimes requiring minor spelling changes). Unlike 
molecular compounds, ionic compounds do not use prefixes. 


In this case, NaCl is composed of Na* and CI. Na* is the sodium ion, and CF is the chlo- 
ride ion. Therefore, NaCl is called sodium chloride. 


3 6 2 a calcium oxide 


CaO is a compound made of calcium ions (Ca?*) and oxide ions (0%), so CaO is calcium 
oxide. 


333. aluminum bromide 


To name AIBr,, first name the metal: Al is aluminum. Then name the nonmetal, chang- 
ing the ending to -ide. Br is bromine, which becomes bromide, so AIBr, is aluminum 
bromide. 


334. 


335. 


336. 


337. 


338. 


339. 


340. 


341. 


342. 


potassium sulfide 
When naming a binary ionic compound, don’t use prefixes; just name the metal and 


then the nonmetal with the suffix -ide. K,S is composed of potassium ions (K*) and sul- 
fide ions (S*-), so K,S is potassium sulfide. 


aluminum oxide 


AlO, is composed of aluminum ions (AlI**) and oxide ions (O), so Al,O, is aluminum 
oxide. 


lithium nitride 


When naming a binary ionic compound, don’t use prefixes; just name the metal and 
then the nonmetal with the suffix -ide. Li,N is lithium nitride. 


magnesium iodide 


To name Mgl,, first name the metal: Mg is magnesium. Then name the nonmetal, chang- 
ing the ending to -ide. I is iodine, which becomes iodide, so Mgl, is magnesium iodide. 


strontium selenide 


SrSe is a compound made of strontium and selenium. The nonmetal selenium becomes 
selenide, so SrSe is strontium selenide. 


barium fluoride 


To name BaF,, first name the metal: Ba is barium. Then name the nonmetal, changing 
the ending to -ide. F is fluorine, which becomes fluoride, so BaF, is barium fluoride. 


sodium hydride 


In this case, hydrogen bonds to Na, sodium. The -ogen ending on hydrogen changes to 
-ide, so NaH is sodium hydride. 


Note: Hydrogen is an odd nonmetal because it’s on the left side of the periodic table. 
Hydrogen is also unusual because it forms both positive and negative ions. 


zinc phosphide 
Even though zinc (Zn) is a transition metal, it has only one oxidation state. Because 


only one oxidation state (+2) is possible, you don’t need to specify the charge. 
Phosphorus forms the phosphide ion (P*), so Zn,P, is zinc phosphide. 


copper(I) bromide 


Cu, copper, is a transition metal that has multiple oxidation states, so you need to use 
a roman numeral to designate which form of copper is in the compound. 
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The total charge of ions and cations has to equal zero. Because CuBr, contains two Br 
ions, each with a charge of —1, the copper has to have an oxidation number of +2 to 
cancel out the two negative charges. The first part of the name is copper(II) to take 
this charge into account. The second part of the name is bromide, as bromine changes 
to the bromide ion. 


343. gold (Ill) chloride 


Au, gold, is a transition metal that has multiple oxidation states, so you need to use a 
roman numeral to designate which form of gold is in the compound. 


The total charge of ions and cations has to equal zero. Because AuCl, contains three Cl 
ions, each with a charge of -1, the gold has to have an oxidation number of +3 to 
cancel out the three negative charges. The first part of the name is gold(lID to take this 
charge into account. The second part of the name is chloride, as chlorine changes to 
the chloride ion. 


344. cobalt(II) sulfide 


Co, cobalt, is a transition metal that has multiple oxidation states, so you need to use a 
roman numeral to designate which form of cobalt is in the compound. 


The total charge of ions and cations has to equal zero. Because the sulfide ion has a -2 
charge, the cobalt must have a +2 charge. The first part of the name is cobalt(II) to take 
this charge into account. The second part of the name is sulfide, as sulfur changes to 
the sulfide ion. CoS is cobalt(II) sulfide. 


3 45. manganese(IID fluoride 


Mn, manganese, is a transition metal that has multiple oxidation states, so you need to 
use a roman numeral to designate which form of manganese is in the compound. 


The total charge of ions and cations has to equal zero. MnF, contains three fluoride 
ions (F`), each with a charge of -1, so the manganese has to have an oxidation number 
of +3 to cancel out the three negative charges. The first part of the name is 
manganese(III) to take this charge into account. Thus, MnF, is manganese (Ill) fluoride. 


3 4 6. mercury(D) iodide 


Hg, mercury, has two oxidation states, Hg,”* and Hg”, so you need to use a roman 
numeral to designate which form of mercury is in the compound. 


The total charge of ions and cations has to equal zero. Because Hg,], contains two 
iodide ions (I), each with a charge of -1, the charge on each mercury ion must be +1. 
Therefore, Hg,I, is mercury(I) iodide. 


Note: Mercury(D is Hg,”*, a polyatomic ion consisting of two Hg atoms with a total 
charge of +2. The charge (+2) divided by the number of atoms (2) gives a +1 charge for 
each mercury atom. It’s improper to split this — or any other polyatomic ion — into 
smaller pieces. 


347. 


348. 


349. 


350. 


351. 


352. 


353. 


tin(IV) oxide 
Sn isn’t a transition metal, but it does have two common oxidation states, +2 and +4, so 
you need to use a roman numeral to designate which form of tin is in the compound. 


The total charge of ions and cations has to equal zero. Oxide ions have a charge of -2. 
SnO, contains two oxide ions, so the oxygen ions produce a charge of —4. To balance 
this —4 charge, the tin ion must have a charge of +4. SnO, is tin(IV) oxide. 


Note: Because tin is a metal, it can lose all four valence electrons to give it a +4 oxida- 
tion state. Such high charges rarely occur in stable ions. 


sodium hypochlorite 


Ternary ionic compounds (compounds containing three elements) and higher com- 
pounds usually contain polyatomic ions. The name of a polyatomic cation simply 
replaces the name of the cation (metal) in a binary compound, and the name of a poly- 
atomic anion replaces the name of the anion (nonmetal). 


Most polyatomic ions have either an -ate or an -ite suffix. A few, such as hydroxide, have 
an -ide suffix. lons with -ate suffixes have more oxygen than those with an -ite suffix. 


In this case, the polyatomic ion is ClO-, the hypochlorite ion. So name the metal ion 
first (Na is the sodium ion) and then add the name of the polyatomic ion C105 to get 
sodium hypochlorite. 


potassium hydroxide 
In this case, the polyatomic ion is OH”, the hydroxide ion. Name the metal ion and list 


it first (K is the potassium ion) and then add the name of the polyatomic ion OH to get 
potassium hydroxide. 


strontium sulfite 


The polyatomic ion in SrSO, is SO,” the sulfite ion. Sr** is the strontium ion, so SrSO, 
is strontium sulfite. 


calcium carbonate 


The polyatomic ion in CaCO, is CO,”, the carbonate ion. Ca” is the calcium ion, so 
CaCO, is calcium carbonate. 


aluminum phosphate 


The polyatomic ion in AIPO, is PO,*, the phosphate ion. Al is aluminum, so AIPO, is 
aluminum phosphate. 


sodium chlorate 


The polyatomic ion in NaClO, is ClO, , the chlorate ion. Na is sodium, so NaClO, is 
sodium chlorate. 


Chapter 16: Answers and Explanations ] 9 7 


Answers 
301—400 


Answers 
301—400 


] 98g Part Il: The Answers 


3 5 4. gallium phosphite 


The polyatomic ion in GaPO, is PO,*, the phosphite ion. Ga** is the gallium ion, so 
GaPO, is gallium phosphite. 


355. ammonium chloride 


The polyatomic ion in NH,Cl is NH,*, the ammonium ion. When you combine ammo- 
nium with the chloride ion (CIF), you get ammonium chloride. 


3 5 6. zinc sulfate 


The polyatomic ion in ZnSO, is SO,”, the sulfate ion. Zn” is the zinc ion, a transition 
metal that has only one oxidation state (and therefore doesn’t require a roman 
numeral), so ZnSO, is zinc sulfate. 


3 5 7. ammonium oxalate 


(NH,),C,O, contains two polyatomic ions, NH,* (ammonium) and C,0O,” (oxalate). All 
you need to do is put both names together: ammonium oxalate. 


3 5 8. potassium permanganate 


In KMnO,, the MnO, is the polyatomic ion. K* is the potassium ion, and MnO, is per- 
manganate, so KMnO, is potassium permanganate. 


3 5 9. beryllium nitrite 


When a set of parentheses appears in a chemical formula, the contents are often a 
polyatomic ion. NO, is the nitrite ion, so Be(NO,), is beryllium nitrite. 


3 6 0. copper(II) cyanide 


Cu(CN), begins with copper, a transition metal that has more than one oxidation state. 
To determine the oxidation state, look at how many polyatomic ion units are with Cu. 
The molecule contains two CN” ions, each with a charge of -1. To balance out this -2 
charge, the copper must have a +2 charge. 


Name the metal ion using roman numerals to represent its oxidation number, and then 
name the polyatomic ion (which happens to be inside the parentheses). Cu% is the 
copper(II) ion, and CN is cyanide, so Cu(CN), is copper(II) cyanide. Note that this 
compound doesn’t actually exist, but you can still give it a name. 


3 6 1. silver hypobromite 


Even though Ag is a transition metal, it has only the oxidation state of +1, so you don’t 
need to use a roman numeral when naming this compound. Ag‘ is the silver ion, and 
BrO- is hypobromite, so AgBrO is silver hypobromite. 


362. 


363. 


366. 


365. 


ammonium phosphate 


(NH,),PO, is made up of two polyatomic ions, so name the cation first and then name 
the anion. NH," is the ammonium ion, and PO,* is the phosphate ion, so (NH,),PO, is 
ammonium phosphate. 


nickeldIN sulfate 


Ni, nickel, is a transition metal with more than one oxidation state, so you have to look 
at the number of polyatomic ion units and their charge in order to determine which 
oxidation state to assign to the nickel. The sum of the charges of the ions in the com- 
pound has to equal zero, so you can set up an equation to solve for nickel’s oxidation 
state: 


2Ni + 3SO,=0 
2Ni + 3(-2)=0 
2Ni + -6=0 
2Ni=6 
Ni=+3 
Therefore, Ni,(SO,), is nickeldID sulfate. 


lead) acetate 


CsCl 


Pb, lead, is a metal with more than one oxidation state, so you have to look at the 
number of polyatomic ion units and their charge in order to determine which oxidation 
state to assign to the lead. The sum of the charges of the ions in the compound has to 
equal zero, so you can set up an equation to solve for lead’s oxidation state: 


Pb + 2C,H,0, =0 


Pb + 2(-1)=0 
Pb + —2=0 
Pb=+2 


Therefore, Pb(C,H,0,), is lead(1D acetate. 


A binary ionic compound contains two elements, a metal and a nonmetal. The metal is 
present as a cation (positive ion), and the nonmetal is present as an anion (negative ion). 


The cation name always comes before the anion name. If the cation (metal) is able to 
form different ions, a roman numeral after the name specifies the oxidation state. The 
total charge of the cations and anions must equal zero. 


In this case, the cesium ion is Cs*, and chloride, CI, is the ionic form of the chlorine 
atom. The +1 charge of the Cs cancels out the —-1 charge of the Cl, so the formula is CsCl. 
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366. ur, 


The indium(ID ion is In**, and fluoride, F~, is the ion formed by fluorine. The +3 charge 
of the In needs to be balanced by the negative charge of the F, so you need three -1 
fluoride ions to cancel out the +3 charge of the In. The formula is InF,. 


3 6 7. MgO 


The magnesium ion is Mg’*, and oxide, O”, is the ion formed by oxygen. The +2 charge 
of the Mg cancels out the -2 charge of the O, so the formula is MgO. 


3 6 8. BaBr, 


The barium ion is Ba?*, and bromide, Br, is the ionic form of the bromine atom. You 
need two negatively charged bromide ions to cancel out the +2 charge on the barium 
ion, so the formula is BaBr,. 


Answers 
301—400 


369. KI 


The potassium ion is K*, and iodide, I, is the ionic form of the iodine atom. The +1 
charge of the K cancels out the -1 charge of the I, so the formula is KI. 


370. =a, 


The aluminum ion is Al**, and chloride, CI, is the ionic form of the chlorine atom. You 
need three negatively charged chloride ions to cancel out the +3 charge of the alumi- 
num, so the formula is AICI. 


3 7 1. CrF, 


Writing formulas of compounds that contain transition metals with variable charges is 
relatively easy because the roman numeral tells you the charge of the metal ion. 
Chromium({IID is Cr**, and fluoride, F-, is the ionic form of the fluorine atom. You need 
three fluoride ions to balance out the chromium’s +3 charge, so the formula is CrF,. 


3 72. FeS 


Iron(I) is the Fe% ion, and sulfide, S*-, is the ionic form of the sulfur atom. The +2 
charge cancels out the -2 charge, so the formula is FeS. 


3 73. Cu,N 


Copper() is the Cu* ion, and nitride, N*, is the ionic form of the nitrogen atom. 
You need three positively charged copper ions to balance out the -3 charge of the 
nitride ion, so the formula is Cu,N. 


374. 


375. 


376. 


377. 


378. 


379. 


380. 


381. 


382. 


PbO 


Ni,Se 


Ag,O 


SrBr, 


Mg,N, 


LiH 


ZnCl, 


CrS 


MnSe 


Lead(ID is the Pb** ion, and oxide, O%, is the ionic form of the oxygen atom. The +2 
charge of the Pb cancels out the -2 charge of the O, so the formula is PbO. 


Nickel() is the Ni* ion, and selenide, Se”, is the ionic form of the selenium atom. You 
need two Ni* ions to balance out the -2 charge of the selenium, so the formula is Ni,Se. 


The silver ion is Ag*, and oxide, O*, is the ionic form of the oxygen atom. You need two 
Ag* ions to balance out the -2 charge of the oxide ion, so the formula is Ag,O. 


The strontium ion is Sr?*, and the bromide ion is Br~. You need two Br- ions to balance 
out the +2 charge of the strontium ion, so the formula is SrBr,. 


The magnesium ion is Mg”, and nitride, N*, is the ionic form of the nitrogen atom. The 
lowest common multiple of the two charges is 6. For the charges to cancel out at +6 
and —6, you need three Mg” ions and two N* ions. Therefore, the formula for magne- 
sium nitride is Mg,N.. 


The lithium ion is Lit. Hydride, H-, is the anion (negative ion) form that hydrogen takes 
when bonded to a metal. The +1 and -1 charges cancel out, so the formula is LiH. 


Zinc is a transition metal. For the most part, its oxidation number is +2, making the 
zinc ion Zn?*. Chloride, CF, is the ionic form of the chlorine atom. You need two CI- 
ions to balance out the +2 charge of the zinc ion, so the formula is ZnCl. 


Chromium(ID is Cr?*, and sulfide, S*-, is the ionic form of the sulfur atom. The +2 and -2 
charges cancel out, so the formula is CrS. 


Manganese(II) is Mn?*, and selenide, Se”, is the ionic form of the selenium atom. The +2 
and -2 charges cancel out, so the formula is MnSe. 
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383. sF, 


Tin(IV) is Sn*, and fluoride, F, is the ionic form of the fluorine atom. You need four 
times as many fluoride ions to balance out the +4 charge on Sn“, so the formula 
for tin(IV) fluoride is SnF,. 


384. cul 


The copper(I) ion is Cu’, and the iodide ion is F. You need one -1 iodide ion to balance 
out the +1 charge of the copper ion, so the formula is Cul. 


385. NiP 


The nickel(lID ion is Ni**, and phosphide, P*, is the ionic form of the phosphorus atom. 
The +3 charge from the nickel cancels out the -3 charge of the phosphide ion, so the 
formula is NiP. 


386. = aise, 


The aluminum ion is Al**, and selenide, Se”, is the ionic form of selenium. The lowest 
common multiple of the two charges is 6. For the charges to cancel out at +6 and -6, 
you need two Al% ions and three Se” ions. Therefore, the formula for aluminum sele- 
nide is Al,Se,. 


Answers 
301—400 


387. sno, 


Tin(IV) is Sn#, and oxide, O*, is the ionic form of the oxygen atom. You need two -2 
charged oxide ions to balance out the +4 charge of the tin ion, so the formula is SnO.,,. 


3 88. Ca,P, 


The calcium ion is Ca”, and the phosphide ion is P*. The lowest common multiple of 
the two charges is 6. For the charges to cancel out at +6 and —6, you need three Ca” 
ions and two P* ions. Therefore, the formula for calcium phosphide is Ca,P,. 


3 8 9. Fe,0, 


The iron(ID ion is Fe**, and the oxide ion, O*, is the ionic form of the oxygen atom. The 
lowest common multiple of the two charges is 6. For the charges to cancel out at +6 and 
-6, you need two Fe* ions and three O” ions. The formula for iron(II oxide is Fe,O,. 


3 90. Mns, 


Manganese(IV) is the Mn“ ion, and sulfide, S*, is the ionic form of the sulfur atom. You 
need two -2 sulfide ions to balance out the +4 charge of the manganese(IV) ion, so the 
formula for manganese(IV) sulfide is MnsS., 


391. 


392. 


393. 


394. 


395. 


396. 


397. 


398. 


RbCIO 


In compounds containing polyatomic ions, the name of a polyatomic cation replaces 
the name of the cation (metal) in a binary compound, or the name of a polyatomic 
anion replaces the name of the anion (nonmetal). 


The cation name always comes before the anion name. If the cation (metal) is able to 
form different ions, a roman numeral after the name specifies the oxidation state. The 
total charge of the cations and anions must equal zero. 


The rubidium ion is Rb*, and hypochlorite is ClO-. The +1 charge cancels out the -1 
charge, so the formula for rubidium hypochlorite is RbCI1O. 


BeCO, 


The beryllium ion is Be’, and carbonate is CO,”. The +2 charge cancels out the -2 
charge, so the formula for beryllium carbonate is BeCO,. 


AIPO, 


The aluminum ion is Al**, and phosphite is PO,*>. The +3 charge cancels out the -3 
charge, so the formula for aluminum phosphite is AIPO,. 


NaHCO, 


The sodium ion is Na*, and hydrogen carbonate is HCO, . The +1 charge cancels out 
the -1 charge, so the formula for sodium hydrogen carbonate is NaHCO,. Another 
name for this compound is sodium bicarbonate. 


NaOH 


The sodium ion is Na*, and hydroxide is OH-. The +1 charge cancels out the -1 charge, 
so the formula for sodium hydroxide is NaOH. 


KHSO, 
The potassium ion is K+, and hydrogen sulfate is HSO, . The +1 charge cancels out the 


-1 charge, so the formula for potassium hydrogen sulfate is KHSO,. Another name for 
this compound is potassium bisulfate. 


Liclo, 


The lithium ion is Lit, and perchlorate is ClO, . The +1 charge cancels out the -1 
charge, so the formula for lithium perchlorate is LiCl0,. 


BaC,O, 


The barium ion is Ba*, and oxalate is C,0,?. The +2 charge cancels out the -2 charge, 
so the formula for barium oxalate is BaC,O,. 
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399. CrAsO, 


Chromium(IID is Cr**, and arsenate is AsO,*. The +3 charge cancels out the -3 charge, 
so the formula for chromium(III arsenate is CrAsO,. 


400. Ago, 


The silver ion is Ag*, and nitrate is NO, . The +1 charge cancels out the -1 charge, so 
the formula for silver nitrate is AgNO.. 


401.  P»so, 


Lead(1) is Pb”*, and sulfite is SO,”. The +2 charge cancels out the -2 charge, so the for- 
mula for lead sulfite is PbSO,. 


402. _— mex, 


Thallium() is Tl’, and bromite is BrO, . The +1 charge cancels out the —-1 charge, so the 
formula for thallium() bromite is TIBrO,,. 


403. Auro, 


Gold(IIl) is Au**, and phosphate is PO,*. The +3 charge cancels out the -3 charge, so 
the formula for golddII) phosphate is AuPO,. 


Answers 
401-500 


404. — Feso, 


Iron) is Fe**, and sulfate is SO,?-. The +2 charge cancels out the -2 charge, so the for- 
mula for iron(II sulfate is FeSO,. 


4605. — cas,0, 


The calcium ion is Ca’, and thiosulfate is S,0,”™. The +2 charge cancels out the -2 
charge, so the formula for calcium thiosulfate is CaS,O,. 


4 06. Na,O, 


The sodium ion is Na*, and peroxide is 0,7. You need two Na‘ ions to balance out the 
-2 charge on the peroxide ion, so the formula for sodium peroxide is Na,O,. 


607. — nano, 


The ammonium ion is NH,’, and nitrite is NO, . The ammonium’s +1 charge cancels out 
the nitrite’s -1 charge, so the formula for ammonium nitrite is NH,NO,. Note: Nitrogen 
appears twice in the formula because it’s in two separate polyatomic ions; combining 
parts of two separate ions isn’t appropriate. 


408. 


409. 


410. 


411. 


412. 


413. 


414. 


415. 


Be(ClO,), 


The beryllium ion is Be?*, and the chlorite ion is ClO, . You need two -1 charged ClO,” 
ions to balance out the +2 charge of the beryllium ion, so the formula for beryllium 
chlorite is Be(C10,),. 


NaCN 
The sodium ion is Na*, and cyanide is CN-. The +1 charge of the sodium cancels out the 
—1 charge of the cyanide, so the formula for sodium cyanide is NaCN. 

Mg(Mn0O,), 
The magnesium ion is Mg?*, and the permanganate ion is MnO, You need two -1 
charged permanganate ions to balance out the +2 charge of the magnesium ion, so the 
formula for magnesium permanganate is Mg(MnO,).. 

(NH),Cr,0, 
The ammonium ion is NH,", and the dichromate ion is Cr,O0,”. You need two +1 charged 
ammonium ions to balance out the -2 charge of the dichromate ion, so the formula for 
ammonium dichromate is (NH,),Cr,O,. 

CoO); 
Cobalt(IID is Co**, and periodate is IO,. You need three -1 charged periodate ions to 
cancel out the +3 charged cobalt ion, so the formula for cobalt(III) periodate is Co(IO,).. 

Pb(C,O,), 
The lead(IV) ion is Pb**, and the oxalate ion is C,0,?-. You need two -2 charged oxalate 
ions to balance out the +4 charge of the lead(IV) ion, so the formula for lead(IV) oxa- 
late is Pb(C,O,),. 

CaHPO, 
The calcium ion is Ca”*, and the hydrogen phosphate ion is HPO,”-. The +2 charge of 
the calcium ion cancels out the -2 charge of the hydrogen phosphate ion, so the for- 
mula for calcium hydrogen phosphate is CaHPO,. 

Fe(C,H,0,), 


Iron(iIl is Fe**, and the acetate ion is C,H,0,. You need three —1 charged acetate ions to 
cancel out the +3 charged iron(II ion, so the formula for iron(II acetate is Fe(C,H,O,).. 


Note: You can also write the acetate ion as CH,COO”, so Fe(CH,COO), is another way 
to write the chemical formula for iron(II acetate. 
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416. KSCN 


The potassium ion is K*, and the thiocyanate ion is SCN-. The +1 charge of the potas- 
sium ion cancels out the -1 charge of the thiocyanate ion, so the formula for potassium 
thiocyanate is KSCN. 


417. — cums0), 
The copper(I) ion is Cu**, and the hydrogen sulfite ion is HSO,~. You need two HSO,~ 


ions to balance out the +2 charge of the copper(II) ion, so the formula for copper(II 
hydrogen sulfite is Cu(HSO,),. This compound is also known as copper(II) bisulfite. 


418. ngo, 


The mercury(I) ion is Hg*, and peroxide is O,”. The +2 charge of the Hg”* ion cancels the 
-2 charge of O,”, so the formula for mercury(I peroxide is HgO,,. 


4149. AuOCN 


Gold() is Au’, and the cyanate ion is OCN-. The +1 charge cancels out the -1 charge, so 
the formula for gold(I) cyanate is AUOCN. 


Answers 
401-500 


420. aiapo), 
The aluminum ion is Al**, and dihydrogen phosphate is H,PO, . To cancel out the +3 


charge of the Al**, you need three H,PO, ions, so the formula for aluminum dihydro- 
gen phosphate is Al(H,PO,).. 


G21. -> 


The prefix di- represents two atoms. 


422. «6 


The prefix hexa- represents six atoms. 


423. 7 


The prefix hepta- represents seven atoms. 


424. 4 


The prefix tetra- represents four atoms. 


425. 9 


The prefix nona- represents nine atoms. 


426. 


427. 


428. 


G29. 


430. 


431. 


432. 


433. 


3 
The prefix tri- represents three atoms. 
1 
The prefix mono- represents one atom. In more recent naming systems, this prefix is 
rarely used. Carbon monoxide is one of the few cases where you still see mono-. 
5 
The prefix penta- represents five atoms. 
8 
The prefix octa- represents eight atoms. 
10 


The prefix deca- represents ten atoms. 


carbon monoxide 


CO contains two nonmetals: carbon and oxygen. The molecule has only one atom of 
carbon, so just use the name of the first element as-is. The second nonmetal, oxygen, 
gets a prefix (which describes how many oxygen atoms are in the compound) and a 
suffix of -ide. The prefix for one is mon(o)-, so CO is carbon monoxide. This is one of 
the few cases where mono- is still in use. 


sulfur dibromide 


SBr, contains one sulfur atom and two bromine atoms. The molecule has only one 
sulfur atom, so use the name of the first element as-is. The second element, bromine, 
gets a suffix of -ide and the prefix di- (two) to indicate the number of atoms. Therefore, 
SBr, is sulfur dibromide. 


iodine chloride 


ICI contains one iodine atom and one chlorine atom. The molecule has only one iodine 
atom, so use the name of the first element as-is. The second element, chlorine, gets a 
suffix of -ide; the prefix mono- (one) is usually omitted in modern naming systems, so 
you don’t need a prefix to indicate the number of chlorine atoms. Therefore, IC] is 
iodine chloride. The name iodine monochloride is also acceptable. 
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434. sulfur dioxide 


SO, contains one sulfur atom and two oxygen atoms. The molecule has only one sulfur 
atom, so use the name of the first element as-is. The second element, oxygen, gets a 
suffix of -ide and the prefix di- (two) to indicate the number of atoms. Therefore, SO, 
is sulfur dioxide, a compound that contributes to the odor of a freshly struck match. 


435. phosphorus pentachloride 


PCI, contains one phosphorus atom and five chlorine atoms. The molecule has only 
one phosphorus atom, so phosphorus doesn’t need a prefix. The second element, chlo- 
rine, gets a suffix of -ide and the prefix penta- (five) to indicate the number of atoms. 
Therefore, PCI, is phosphorus pentachloride. 


43 6. xenon difluoride 


XeF, contains one xenon atom and two fluorine atoms. The molecule has only one 
xenon atom, so use the name of the first element as-is. The second element, fluorine, 
gets a suffix of -ide and the prefix di- (two) to indicate the number of atoms. Therefore, 
XeF, is xenon difluoride. 


43 l. sulfur hexafluoride 


Answers 
401-500 


SF, contains one sulfur atom and six fluorine atoms. The molecule has only one sulfur 
atom, so use the name of the first element as-is. The second element, fluorine, gets a 
suffix of -ide and the prefix hexa- (six) to indicate the number of atoms. Therefore, SF, 
is sulfur hexafluoride. 


43 8. carbon tetrabromide 


CBr, contains one carbon atom and four bromine atoms. The molecule has only one 
carbon atom, so carbon doesn’t need a prefix. The second element, bromine, gets a 
suffix of -ide and the prefix tetra- (four) to indicate the number of atoms. Therefore, 
CBr, is carbon tetrabromide. 


43 g. boron trichloride 


BCI, contains one boron atom and three chlorine atoms. The molecule has only one 
boron atom, so you don’t need a prefix on boron. The second element, chlorine, gets a 
suffix of -ide and the prefix tri- (three) to indicate the number of atoms. Therefore, BCI, 
is boron trichloride. 


4 4 0. silicon dioxide 


SiO, contains one silicon atom and two oxygen atoms. The molecule has only one sili- 
con atom, so silicon doesn’t need a prefix. The second element, oxygen, gets a suffix of 
-ide and the prefix di- (two) to indicate the number of atoms. Therefore, SiO, is silicon 
dioxide, which you may recognize as the mineral quartz. This compound is a major 
component of sand and glass. 


441. 


442. 


443. 


446. 


445. 


446. 


447. 


arsenic pentachloride 


AsCl, contains one arsenic atom and five chlorine atoms. The molecule has only one 
arsenic atom, so use the name of the first element as-is. The second element, chlorine, 
gets a suffix of -ide and the prefix penta- (five) to indicate the number of atoms. 
Therefore, AsCl, is arsenic pentachloride. 


antimony trichloride 


SbCl, contains one antimony atom and three chlorine atoms. The molecule has only 
one antimony atom, so antimony doesn’t need a prefix. The second element, chlorine, 
gets a suffix of -ide and the prefix tri- (three) to indicate the number of atoms. 
Therefore, SbCl, is antimony trichloride. 


silicon tetraiodide 


Sil, contains one silicon atom and four iodine atoms. The molecule has only one silicon 
atom, so use the name of the first element as-is. The second element, iodine, gets a 
suffix of -ide and the prefix tetra- (four) to indicate the number of atoms. Therefore, Sil, 
is silicon tetraiodide. 


nitrogen trifluoride 


NF, contains one nitrogen atom and three fluorine atoms. The molecule has only one 
nitrogen atom, so use the name of the first element as-is. The second element, fluorine, 
gets a suffix of -ide and the prefix tri- (three) to indicate the number of atoms. 
Therefore, NF, is nitrogen trifluoride. 


carbon disulfide 


CS, contains one carbon atom and two sulfur atoms. The molecule has only one 
carbon atom, so you don’t need a prefix on the carbon. The second element, sulfur, 
gets a suffix of -ide and the prefix di- (two) to indicate the number of atoms. Therefore, 
CS, is carbon disulfide. 


chlorine dioxide 


CIO, contains one chlorine atom and two oxygen atoms. The molecule has only one 
chlorine atom, so use the name of the first element as-is. The second element, oxygen, 
gets a suffix of -ide and the prefix di- (two) to indicate the number of atoms. Therefore, 
CIO, is chlorine dioxide. This compound is useful as an industrial bleach. 


xenon tetroxide 


XeO, contains one xenon atom and four oxygen atoms. The molecule has only one 
xenon atom, so xenon doesn’t need a prefix. The second element, oxygen, gets a suffix 
of -ide and the prefix tetr(a)- (four) to indicate the number of atoms. Therefore, XeO, is 
xenon tetroxide. This compound is very unstable and will spontaneously detonate. 


Chapter 16: Answers and Explanations 209 


Answers 
401-500 


2 10 Part Il: The Answers 


G48. water 


H,O contains two hydrogen atoms and one oxygen atom. The compound might appear 
to be dihydrogen oxide, but the current systematic TUPAC) name is water. 


4 4 g. selenium hexafluoride 


SeF, contains one selenium atom and six fluorine atoms. The molecule has only one 
selenium atom, so use the name of the first element as-is. The second element, fluo- 
rine, gets a suffix of -ide and the prefix hexa- (six) to indicate the number of atoms. 
Therefore, SeF, is selenium hexafluoride. 


450. disulfur dichloride 


S,Cl, contains two sulfur atoms and two chlorine atoms. Because you have more than 
one atom of the first element, it needs a prefix. The prefix for two is di-, giving you 
disulfur. The second element, chlorine, gets a suffix of -ide and also takes the prefix di-. 
Therefore, S,Cl, is disulfur dichloride. 


45 1. dinitrogen trioxide 


N,O, contains two nitrogen atoms and three oxygen atoms. The nitrogen needs the 
prefix di- to represent two atoms, and the oxygen (which becomes oxide) needs the 
prefix tri- to indicate three atoms. Therefore, N,O, is dinitrogen trioxide. 


Answers 
401-500 


45 2 « tetraphosphorus hexoxide 


P,O, contains four phosphorus atoms and six oxygen atoms. The phosphorus needs 
the prefix tetra- to indicate four atoms, and the oxygen needs the prefix hex(a)- (six) 
and the suffix -ide. Therefore, P,O, is tetraphosphorus hexoxide. 


453. diboron tetrachloride 


B,Cl, contains two boron atoms and four chlorine atoms. The boron needs the prefix 
di- (two), and chlorine needs the prefix tetra- (four). Chlorine changes to chloride, so 
B,Cl, is diboron tetrachloride. 


45 4. bromine trifluoride 


BrF, contains one bromine atom and three fluorine atoms. The molecule has only one 
bromine atom, so use the name of the first element as-is. The second element, fluorine, 
gets a suffix of -ide and the prefix tri- (three) to indicate the number of atoms. 
Therefore, BrF, is bromine trifluoride. 


45 5. disulfur decafluoride 


S,F,, contains two sulfur atoms and ten fluorine atoms. Use the prefix di- (two) to rep- 
resent the number of sulfur atoms and the prefix deca- (ten) to represent the number 
of fluorine atoms. Fluorine changes to fluoride, so S,F,, is disulfur decafluoride. 


456. 


457. 


458. 


459. 


460. 


461. 


462. 


SiBr, 


NI 


co, 


AsF, 


NO 


SO, 


CIF 


The first element in the name of the compound doesn’t have a prefix, and by conven- 
tion, this means that there’s only one atom of that element. The second element in the 
compound has a prefix to tell you how many atoms of that element are present. In sili- 
con tetrabromide, the prefix on the bromide is fetra-, which represents four. You have 
one silicon (Si) atom and four bromine (Br) atoms, so silicon tetrabromide is SiBr,. 


In nitrogen triiodide, the absence of a prefix on the nitrogen tells you that the com- 
pound has just one nitrogen (N) atom, and the tri- prefix on the iodide indicates three 
iodine (T) atoms. The formula for nitrogen triiodide is NI,. This compound is very 
unstable and explodes at the lightest touch. 


You’re probably familiar with carbon dioxide and didn’t need to think about the for- 
mula too much. The absence of a prefix on the carbon and the di- (two) prefix on the 
oxide lead to the formula CO,. Carbon dioxide is one of the products of respiration and 
the combustion of most fuels. 


In arsenic pentafluoride, the absence of a prefix on the arsenic means you have just 
one arsenic (As) atom. The penta- prefix on the fluoride tells you that there are five 
fluorine (F) atoms, so the formula for arsenic pentafluoride is AsF,. 


In nitrogen monoxide, nitrogen doesn’t have a prefix, and the prefix on the oxide is 
mon(o)-, which means one, so this compound has one atom of nitrogen (N) and one 
atom of oxygen (O). The formula for nitrogen monoxide is NO. This compound is also 
known as nitrogen oxide. 


In sulfur trioxide, the sulfur has no prefix, so the formula contains just one atom of 
sulfur (S). The oxide has a prefix of fri, which means three, so you have three 
oxygen (O) atoms. This makes sulfur trioxide SO,. 


In chlorine monofluoride, chlorine doesn’t have a prefix, and the prefix on the fluoride 
is mono-, which means one. So chlorine monofluoride has one atom of chlorine (CI) 
and one atom of fluorine (F), making the formula CIF. This compound is also known as 
chlorine fluoride. 
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463.  xeF, 


In xenon tetrafluoride, xenon doesn’t have a prefix, and the prefix on the fluoride is 
tetra-, which means four. So xenon tetrafluoride contains one atom of xenon (Xe) and 
four atoms of fluorine (F), making the formula XeF,. This compound was the first 
binary compound of xenon to be prepared in a laboratory. 


464. no, 


In nitrogen dioxide, no prefix on the nitrogen tells you that the formula includes one 
nitrogen (N) atom, and the di- prefix on the oxide indicates two oxygen (O) atoms. The 
formula for nitrogen dioxide is NO,. Nitrogen dioxide is one of the contributors to pho- 
tochemical smog. 


465. ca, 


In carbon tetrachloride, no prefix on the carbon means that the formula includes only 
one carbon (C) atom, and the tetra- prefix on the chloride indicates four chlorine (CI) 
atoms, so carbon tetrachloride is CCl}. 


466. ik, 


Answers 
401-500 


In iodine heptafluoride, no prefix on the iodine means that the formula includes only one 
iodine (J) atom. The hepta- prefix represents seven, so there are seven fluorine (F) 
atoms in the formula. This makes the formula for iodine heptafluoride IF,. Iodine hepta- 
fluoride is one of the few compounds where one atom is surrounded by seven others. 


667. Per, 


In phosphorus tribromide, no prefix on the phosphorus tells you that the formula 
includes just one atom of phosphorus (P), and the tri- prefix on the bromide indicates 
three bromine (Br) atoms. Therefore, the formula for phosphorus tribromide is PBr,. 


46 8. SeF, 


In selenium tetrafluoride, no prefix on the selenium means you have just one atom of 
selenium (Se), and the prefix on the fluoride is tetra-, which means four, so you have 
four fluorine atoms (F). Therefore, selenium tetrafluoride is SeF,. 


469. ao, 


In chlorine dioxide, the absence of a prefix on the chlorine tells you that there’s only 
one chlorine (CI) atom, and the di- prefix on the oxide tells you that there are two 
oxygen (O) atoms in the compound. The formula for chlorine dioxide is ClO,. 


470. 


471. 


472. 


473. 


474. 


475. 


476. 


BF. 


N,0; 


P.O; 


N,CI, 


P,O 


ASF, 


N,O 


In boron trifluoride, the absence of a prefix on the boron reflects that there’s only one 
boron (B) atom, and the tri- prefix on the fluoride indicates three fluorine (F) atoms. 
This makes the formula for boron trifluoride BF,. 


Dinitrogen pentoxide has a prefix on both the nitrogen and the oxide. The di- represents 
two, and the pent(a)- represents five, so there are two nitrogen (N) atoms and five 
oxygen (O) atoms in dinitrogen pentoxide. The formula is N,O,. 


Diphosphorus trioxide has a prefix on both the phosphorus and the oxide. The di- rep- 
resents two, and the tri- represents three, so there are two phosphorus (P) atoms and 
three oxygen (O) atoms in diphosphorus trioxide. The formula is P,O,. 


Note that the formula P,O, is the empirical formula. The molecular formula is P,O,, 
which has the name tetraphosphorus hexoxide (or hexaoxide). 


Dinitrogen dichloride has two nitrogen (N) atoms and two chlorine (CI) atoms because 
both elements have the prefix di-- which means two. Therefore, the formula for dinitro- 
gen dichloride is N,Cl.. 


Tetraphosphorus decoxide has the prefix tetra-, meaning four, and the prefix dec(a)-, 
meaning ten, so you need four phosphorus (P) atoms and ten oxygen (O) atoms. This 
makes the formula for tetraphosphorus decoxide P,O,,. 


In arsenic trifluoride, the absence of a prefix on arsenic reflects that there’s only one 
arsenic (As) atom, and the tri- prefix on the fluoride indicates three fluorine (F) atoms. 
This makes the formula for arsenic trifluoride AsF,. 


In dinitrogen oxide, the prefix di- on the nitrogen tells you that there are two nitrogen (N) 
atoms, and the lack of a prefix on the oxide tells you that there’s just one oxygen (O) 
atom. The formula for dinitrogen oxide is N,O. 


This compound is also called dinitrogen monoxide. Its common names include nitrous 
oxide and laughing gas, which you may recognize as an anesthetic used by dentists. 
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477. Po, 


Tetraphosphorus trioxide has the prefix tetra-, meaning four, and the prefix tri, meaning 
three, so the compound contains four phosphorus (P) atoms and three oxygen (O) 
atoms. This makes the formula for tetraphosphorus trioxide P,O,. 


4 78. XeO, 


In xenon trioxide, the absence of a prefix on xenon reflects that there’s only one xenon 
(Xe) atom, and the tri- prefix on the oxide indicates three oxygen (O) atoms. This 
makes the formula for xenon trioxide XeO,. 


479. sva, 


In antimony pentachloride, the absence of a prefix on antimony indicates one antimony 
(Sb) atom, and the penta- prefix on the chloride indicates five chlorine (Cl) atoms, so 
the formula for antimony pentachloride is SbCl,. 


480. «ao 


The name dichlorine heptoxide has the prefix di- meaning two, and the prefix hept(a)-, 
meaning seven, so the formula includes two chlorine (CI) atoms and seven oxygen (O) 
atoms. This means that the formula for dichlorine heptoxide is C1,O,. 


Answers 
401-500 


481. 3 


A Lewis dot diagram shows only the valence electrons. Boron has an electron configu- 
ration of 1s?2s?2p!. The valence electrons are the ones in the second energy level, 
2s?2p!, so the diagram contains three electrons. 


482. 2 


Barium has a noble gas electron configuration [Xe]6s? with two valence electrons. (The 
electron configuration of a noble gas like xenon is very stable, and any electrons 
beyond that configuration are an atom’s valence electrons.) The Lewis dot diagram 
shows only valence electrons, so the diagram for barium has two electrons. 


483. 7 


The noble gas electron configuration of chlorine is [Ne]3s23p°. The Lewis dot diagram 
shows valence electrons, so the diagram for chlorine has seven electrons. 


484. s 


An oxygen atom has eight electrons (1s?2s?2p*), and the oxygen ion, with a charge of 
-2, has two more electrons (1s?2s?2p°). This means that there are eight valence elec- 
trons in the oxygen ion (2s?2p°), so eight electrons go in the Lewis dot diagram. 


485. 


486. 


487. 


488. 


489. 


490. 


491. 


492. 


The sodium ion, Na‘, is a sodium atom that has lost its one valence electron, going 
from an electron configuration of 1s22s?2p*3s! to 1s?2s?2p*. The orbitals in the third 
energy level are still there, but they don’t contain any electrons. The Lewis dot dia- 
gram, which shows only the valence electrons, has zero electrons for the sodium ion. 


the nitrogen group 


Members of the nitrogen group (Group VA or 15) have five valence electrons because 
their highest energy level has electrons filling s?p? orbitals. 


the oxygen group 


Members of the oxygen group (Group VIA or 16) have six valence electrons because 
their highest energy level has electrons filling s*p* orbitals. 


the boron group 


Members of the boron group (Group IIIA or 13) have three valence electrons because 
their highest energy level has electrons filling s?p! orbitals. 


the alkaline earth metals 


Members of the alkaline earth metals have two valence electrons because their highest 
energy level has electrons filling s? orbitals. Elements with two valence electrons are in 
Group 2 (or 2A, JIA, or IIB) of the periodic table. 


the noble gases 


The noble gases, except helium, have eight valence electrons because their highest 
energy level has electrons filling s?p° orbitals (helium, however, has only two valence 
electrons). The noble gases are in Group 18 (or 8, VIIA, VIIIB, or 0) of the periodic table. 


electronegativity 


Electronegativity is how strongly an atom attracts a bonding pair of electrons to itself. 
You can look up electronegativity values in a table. 


Tip: In most cases, you need to know only relative electronegativity values. Fluorine 
has the highest value, so you can assume that the closer an element is to fluorine, the 
higher its electronegativity. If two elements are the same distance away from fluorine, 
the one that’s closer to the top of the periodic table has the higher value. This tip 
works for all representative elements except hydrogen. 


nonpolar covalent 


Nonpolar covalent bonds tend to form between elements that have an electronegativ- 
ity difference between 0.0 and 0.3 (or between 0.0 and 0.4; the cutoff depends on which 
electronegativity values are used). 
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Note that in terms of electronegativity, the division between bond types is not a pre- 
cise division. Additional factors, such as the elements present, neighboring elements, 
and hybridization, affect the type of bond. 


4 93. polar covalent 


Polar covalent bonds form between elements that have a moderate electronegativity 
difference, typically between 0.3 and 1.7. In general, differences less than 0.3 (or 0.4, 
depending on the electronegativity values used) are considered nonpolar; differences 
greater than 1.7 are generally considered ionic. 


4 94. lower; higher 


Electronegativity is the relative attraction that an atom in a compound has for electrons. 
Metals are more likely to give away electrons than accept them, so metals tend to have 
lower electronegativity values. Nonmetals are more likely to accept electrons, so non- 
metals tend to have higher electronegativity values. Of course, there are exceptions. 
For example, gold, a metal, has an unusually high electronegativity. The electronegativ- 
ity of gold (2.4) is higher than that of the nonmetal phosphorus (2.1). 


Note: The representative elements are the elements in Groups 1, 2, and 13 through 18 
on the periodic table. In the Chemical Abstract Services (CAS) version of the periodic 
table, which uses roman numerals, the representative elements are the A elements (as 
opposed to the transition elements, which are the B elements). The A elements always 
have an A in their group number, as in JA and IIA. 


Answers 
401-500 


4 95. polar covalent 


Elements that have a moderate difference in their electronegativity values normally 
form polar covalent bonds. Nonmetals that aren’t adjacent on the periodic table, such 
as carbon and bromine, usually have moderate differences. 


4 96. polar covalent 


Elements that have a moderate difference in their electronegativity values normally 
form polar covalent bonds. Nonmetals that aren’t adjacent on the periodic table, such 
as carbon and fluorine, usually have moderate differences. 


4 g 7. polar covalent 


Elements that have a moderate difference in their electronegativity values normally 
form polar covalent bonds. Nonmetals that aren’t adjacent on the periodic table usu- 
ally have moderate differences. 


Elements that are diagonal to each other, such as chlorine and fluorine, are 1.4 times 
as far away from each other as side-by-side elements. If you go over one and down one, 
you can think of the elements as though they’re nonadjacent; they’re twice as far away. 


498. 


499. 


500. 


501. 


502. 


503. 
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nonpolar covalent 


Elements with similar electronegativity values normally form nonpolar covalent bonds. 
Similar values occur for a nonmetal bonding with itself or with an adjacent nonmetal 
on the periodic table. Remember that hydrogen is an exception; its electronegativity 
places it between boron and carbon. The electronegativity difference between boron 
and hydrogen is small, so the bond is nonpolar covalent. 


nonpolar covalent 


Elements with similar electronegativity values normally form nonpolar covalent bonds. 
Similar values occur for a nonmetal bonding with itself or with an adjacent nonmetal 
on the periodic table. Remember that hydrogen is an exception; its electronegativity 
places it between boron and carbon. The electronegativity difference between carbon 
and hydrogen is small, so the bond is nonpolar covalent. 


polar covalent 


Elements that have a moderate difference in their electronegativity values normally 
form polar covalent bonds. Nonmetals that aren’t adjacent on the periodic table, such 
as phosphorus and fluorine, usually have moderate differences. 


S-Cl < O-S < Si-Cl 


In general, the farther two nonmetals are from each other on the periodic table, the 
more polar the bond. Remember that hydrogen is an exception in that in terms of elec- 
tronegativity, it fits between boron and carbon. If two pairs have the same separation, 
the one closer to the top (or the right) of the periodic table is more polar. 


Answers 
501-600 


Sulfur and chlorine are adjacent on the periodic table, so the S—Cl bond is slightly 
polar. Oxygen is higher on the periodic table than chlorine, so its electronegativity is 
higher. For this reason, even though oxygen is also adjacent to sulfur, the S-O bond is 
more polar than the S-Cl bond. In this problem, the greatest separation on the periodic 
table is between silicon and chlorine, so Si-Cl is the most polar bond. 


trigonal pyramidal 


This molecule has three bonding pairs of electrons (indicated by the lines between the 
atoms) and one nonbonding pair of electrons (indicated by the two dots in the region 
above the central atom). This combination yields a trigonal pyramid shape — a pyra- 
mid with a three-sided base. The three black spheres form the triangular base of the 
pyramid, and the gray sphere — the central atom — represents the apex. 


linear 


This molecule has two bonding pairs of electrons (indicated by the lines between the 
atoms) and no nonbonding pairs of electrons. The bonding pairs orient themselves on 
opposite sides of the central atom, giving the molecule a linear shape. 
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5 04. tetrahedral 


This molecule has four bonding pairs of electrons (indicated by the four lines between 
the atoms) and no lone pairs of electrons. The bonding pairs arrange themselves to 
maximize the distance from each other, so the angle measures are 109.5° at the central 
atom. A fetrahedron is a pyramid with four faces that are equilateral triangles, so this 
shape is tetrahedral. 


5 05. trigonal planar 


This molecule has three bonding pairs of electrons (indicated by the lines between the 
atoms) and no lone pairs of electrons. The three pairs arrange themselves to maximize 
their distance from each other (120° apart). This arrangement is known as trigonal 
planar, because the three pairs lie in a plane. 


5 06. linear 


This molecule has one bonding pair (indicated by the line between the atoms) and no 
nonbonding pairs of electrons. There are only two atoms, so the molecular geometry 
must be linear. 


5 0 7. bent 


This molecule has two bonding areas (indicated by the lines between the atoms) and 
two nonbonding pairs (indicated by the two pairs of dots). The four total pairs arrange 
themselves to maximize the distance between pairs. Bonding atoms to two of the pairs 
results in a bent shape. 


5 08. linear 


A bond angle of 180° — a straight line — corresponds to the linear shape. 


Answers 
501-600 


5 09. trigonal planar 


A bond angle of 120° is in trigonal planar molecules. In this shape, the three bonding 
pairs of electrons lie in a plane, maximizing their distance from each other. 


5 1 0. tetrahedral 


The tetrahedral molecular shape has a bond angle of approximately 109.5°. 


md 
Hit... 
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5 1 1. trigonal planar 


Start with the Lewis structure of BCI: 
Cl—B— CI 


CI: 
The lines between the boron and each of the chlorine atoms represent bonding pairs of 
electrons. There are no other pairs on the boron, and the additional pairs on the non- 


central atoms aren’t important in determining molecular geometry. Because boron has 
only three pairs, the bonds will be at 120° angles, yielding a trigonal planar structure. 


5 1 2 « linear 


Bromine, Br,, is diatomic, so it has only one bonding pair area. Therefore, it’s linear in 
shape. 


5 13. tetrahedral 


Start by drawing the Lewis structure of CH,: 


H 

H tL, s8 
| es 
H 


The lines between the carbon and each of the hydrogen atoms represent bonding pairs 
of electrons. There are no other pairs on the carbon. Because carbon has only four 
electron pairs, the bonds will be at 109.5° angles, yielding a tetrahedral structure. 


5 14. bent 


Start by drawing the Lewis structure of H,O: 


H —6: 


H 


The lines between the oxygen and each of the hydrogen atoms represent bonding pairs 
of electrons. The oxygen also has two lone pairs. Oxygen has four pairs, so the pairs 
will be at 109.5° angles, yielding a tetrahedral electron-pair structure. But because two 
of the pairs are lone pairs, they aren’t part of the molecular geometry. This leaves a 
bent geometry. The lone pairs cause the angle between the bonding pairs to be a little 
less than expected because the electron pairs repel each other, spreading farther apart. 
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515. 


516. 


Answers 
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517. 


518. 


trigonal pyramidal 


Start by drawing the Lewis structure of NH,: 


H——N——H 


H 


The lines between the nitrogen and each of the hydrogen atoms represent bonding 
pairs of electrons. The nitrogen also has one lone pair. Nitrogen has four pairs, so 
they'll be at 109.5° angles, yielding a tetrahedral electron-pair structure. But because 
one of the pairs is a lone pair, it isn’t part of the molecular geometry. This leaves a tri- 


gonal pyramidal geometry. The lone pair causes the angle between the bonding pairs 
to be a little less than expected. 


linear 


Start by drawing the Lewis structure of CO,: 
0—c—) 


The lines between the carbon and each of the oxygen atoms represent bonding pairs 
of electrons; however, when dealing with double bonds, only one of the two bonding 
pairs counts. Because the carbon has two bonding pair areas, not four, they'll be at 
180° angles, yielding a linear geometry. The electron pairs not on the central atom 
don’t affect the molecular geometry. 


Its central atom has four electron pairs, two of which are nonbonding. 


Look at the Lewis structure of H,O: 


H——0: 


H 


The lines between the oxygen and each of the hydrogen atoms represent bonding pairs 
of electrons. The oxygen also has two lone pairs. Oxygen has four pairs, so the pairs 
will be at 109.5° angles, yielding a tetrahedral electron-pair structure. But because two 
of the pairs are lone pairs, they aren’t part of the molecular geometry. This leaves a 
bent geometry. The lone pairs cause the angle between the bonding pairs to be a little 
less than expected. 


Its central atom has three bonding pair areas and one nonbonding pair area. 


Look at the Lewis structure of NF,: 
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:-F —-N——F: 


:F: 


The lines between the nitrogen and each of the fluorine atoms represent bonding pairs 
of electrons. The nitrogen also has one lone pair. Nitrogen has four pairs, so the pairs 
will be at 109.5° angles, yielding a tetrahedral electron-pair structure. But because one 
of the pairs is a lone pair, it isn’t part of the molecular geometry. This leaves a trigonal 
pyramidal geometry. The lone pair causes the angle between the bonding pairs to bea 
little less than expected. 


5 19. Its central atom has two bonding pairs and no lone pairs of electrons. 


Look at the Lewis structure of CO,: 
0——C—0 


The lines between the carbon and each of the oxygen atoms represent bonding pairs 
of electrons; however, when dealing with double bonds, only one of the two bonding 
pairs counts. Because the carbon has two pairs, not four, they’ll be at 180° angles, 
yielding a linear molecular geometry. The pairs not on the central atom don’t affect the 
molecular geometry. 


5 2 0. It has four bonding pairs and no lone pairs of electrons. 
Look at the Lewis structure of CCl: 28s 
47) 
` Sd 
Ch aR 
ClL-—C—C 
Cl: 


The lines between the carbon and each of the chlorine atoms represent bonding pairs 
of electrons. There are no other electron pairs on the carbon. Because carbon has only 
four pairs, they'll be at 109.5° angles, yielding a tetrahedral structure. 


5 2 1. Its central atom has three bonding pair areas and zero nonbonding pair areas. 


Look at the Lewis structure of BF;: 


f—B3—F 
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The lines between the boron and each of the fluorine atoms represent bonding pairs of 
electrons. There are no other pairs on the boron, and the additional pairs on the non- 
central atoms aren’t important in determining the molecular geometry. Because boron 
has only three pairs, they'll be at 120° angles, yielding a trigonal planar structure. 


5 2 2 a octahedral 


This molecule has six bonding pairs of electrons (indicated by the lines between the 
atoms) and no nonbonding pairs of electrons. The six pairs arrange themselves 90° 
apart to maximize their separation. The result is an octahedral shape (see the follow- 
ing figure). An octahedron has eight faces that are equilateral triangles. 


90° 


ln, tr, RO 


ol 


5 2 3. T-shaped 


The drawing shows a molecule with three bonding pairs and two lone pairs of elec- 
trons. This combination indicates a T-shaped molecule. 


5 2 4. seesaw 


This molecule has four bonding pairs of electrons (indicated by the lines between the 
atoms) and one nonbonding pair of electrons (indicated by the pair of dots). The five 
electron pairs arrange themselves in a trigonal bipyramidal structure — a double pyra- 
mid with a triangular base. The lone pair occupies one of the central positions, leaving 
a seesaw arrangement. 


Answers 
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5 2 5. square pyramidal 


This molecule has five bonding pairs of electrons (indicated by the lines between the 
atoms) and one nonbonding pair of electrons (indicated by the pair of dots). The six 
pairs arrange themselves pointing toward the center of an octahedron, with the lone 
pair occupying one corner. Four of the atoms surrounding the central atom form the 
base of a square pyramid, and the fifth atom forms the apex, creating a structure 
known as square pyramidal: 


Wt, vil 
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5 2 6. trigonal bipyramidal 


The drawing depicts a molecule that has five bonding pairs of electrons (indicated by 
the lines between the atoms) and no lone pairs of electrons. The five pairs arrange them- 
selves as far apart as possible to minimize repulsion. This results in the only basic struc- 
ture that has two types of bond angles: 90° and 120°. The three central bonding pairs 
form a trigonal (three-sided) plane, with the pairs at 120° angles to each other. The 
upper bonding pair (at 90° to the three in the plane) forms the apex to a trigonal pyramid 
(a pyramid with a three-sided base), and the lower bonding pair (also at 90° to the three 
in the plane) forms the apex of a second trigonal pyramid. 


5 2 7. square planar 


The drawing depicts a molecule with four bonding pairs and two lone pairs of elec- 
trons. The bonding pairs form a square around the central atom, with nonbonding 
pairs above and below the plane. 


My, > 
oS 


90° 


5 2 8 « trigonal bipyramidal 


The trigonal bipyramidal shape has atoms that are 90° apart (the three atoms that are 
in same the plane are 90° from the atoms above and below the plane), 120° apart (the 
three atoms in the plane are 120° away from each other), and 180° apart (the atoms 
above and below the plane are in a line 180° apart). 
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ce HU 


5 2 g. tetrahedral 


A tetrahedral geometry has bond angles of 109.5°. The bond angles are slightly less than 
109.5° in the trigonal pyramidal and bent structures because repulsion between elec- 
trons causes the nonbonding electron pairs to take up more room in the compound. 
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5 3 0. seesaw 


Start with the Lewis structure of SF; 
: F : 
: F N | 
; F: 


The diagram shows four bonding pairs of electrons (indicated by the lines) between the 
sulfur and the fluorine atoms. The sulfur also has a lone pair. You can disregard the 
lone pairs on the fluorine because they don’t determine the structure. The five pairs 
around the sulfur adopt a trigonal bipyramidal electron-pair geometry (a double pyra- 
mid with a triangular base). 


The lone pair is one of the trigonal pairs (separated from each other by 120°), leaving 
atoms at the other two trigonal pairs and at the two pairs at the apexes of the pyra- 
mids. This shape is a seesaw molecular geometry. 


531. trigonal bipyramidal 


Look at the Lewis structure of PCI,: 


2S i 
zP Cl 
<B uae 0k 
cr | z! 
Ç} 


The diagram shows five bonding pairs of electrons (indicated by the lines) between the 
phosphorus and the chlorine atoms. The five pairs around the phosphorus adopt a tri- 
gonal bipyramidal electron pair geometry (a double pyramid with a triangular base). 
Three of the pairs form a trigonal planar arrangement (the bonds are 120° apart). 


5 3 2 . square pyramidal 
Start with the Lewis structure of BrF,: 
Ë: 


P | Ë 
aei 


The diagram shows five bonding pairs of electrons (indicated by the lines) between 
the bromine and the fluorine atoms. The bromine also has a lone pair of electrons. The 
six pairs around the bromine adopt an octahedral electron-pair geometry (all pairs are 
at 90° angles, forming a double pyramid with a square base). One of the bonding pairs, 
at 90° to the square plane, forms the apex of a pyramid. 


5 33. octahedral 


Look at the Lewis structure of SF; 


we 
“Sap 


E< 


m — ah: 


The diagram shows six bonding pairs of electrons (indicated by the lines) between 
the sulfur and the fluorine atoms. The six pairs around the sulfur adopt an octahedral 
electron pair geometry (all pairs are at 90° angles, forming a double pyramid with a 
square base). 


5 3 4. square planar 


Start with the Lewis structure of XeF,: 


Tg 
pa PR 


The diagram shows four bonding pairs of electrons (indicated by the lines) between 
the xenon and the fluorine atoms. The xenon also has two lone pairs of electrons. The 
six pairs around the xenon adopt an octahedral electron-pair geometry (all pairs are at 
90° angles, forming a double pyramid with a square base). The two lone pairs are on 
opposite sides of the xenon, leaving all the atoms in a plane. This is a square planar 
geometry. 


5 3 5 . T-shaped 


Start with the Lewis structure of CIF,: 
:F —CI— F: 
: F : 


The diagram shows three bonding pairs of electrons (indicated by the lines) between 
the chlorine and the fluorine atoms. The chlorine also has two lone pairs. You can 
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536. 


537. 


538. 


539. 


540. 


disregard the lone pairs on the fluorine, because they don’t determine the structure. 
The five pairs around the sulfur adopt a trigonal bipyramidal electron-pair geometry 
(a double pyramid with a triangular base). 


The lone pairs are two of the trigonal pairs (separated by 120°), leaving atoms at the 
other trigonal pair and at the two pairs at the apexes of the pyramids. This is a 
T-shaped molecular geometry. 


trigonal bipyramidal; linear 


Start with the Lewis structure of xenon difluoride, XeF,: 
:F —Xe— F: 


The diagram shows two bonding pairs of electrons (indicated by the lines) between 
the xenon and the fluorine atoms. The xenon also has three lone pairs. You can disre- 
gard the lone pairs on the fluorine, because they don’t determine the structure. The 
five pairs around the xenon adopt a trigonal bipyramidal electron-pair geometry (a 
double pyramid with a triangular base). 


The lone pairs are the trigonal pairs (separated by 120°), leaving atoms at both pairs at 
the apexes of the pyramids. This is a linear molecular geometry. 


the polarity of the bonds, shape of the molecule, and distribution of the electron pairs 
on the atoms 


To determine the polarity of a molecule, you need to know the polarity of the bonds in 
the molecule, the shape of the molecule, and the distribution of electron pairs on all 
the atoms in the molecule. 


nonpolar; nonpolar 


Elements with similar electronegativity values normally form nonpolar covalent bonds. 
Hydrogen is bonding to itself in H,, so the electronegativity difference is zero. If a mole- 
cule has only nonpolar bonds, it’s nonpolar. 


polar; polar 


Elements that have a moderate difference in their electronegativity values normally 
form polar covalent bonds. Nonmetals that aren’t adjacent on the periodic table, such 
as hydrogen and chlorine, usually have moderate differences (note that hydrogen is 
special in that its electronegativity places it between boron and carbon). For diatomic 
molecules like HCI, if the bond is polar covalent, so is the molecule. 


polar; nonpolar 


Elements that have a moderate difference in their electronegativity values normally 
form polar covalent bonds. Nonmetals that aren’t adjacent on the periodic table, such 
as carbon and chlorine, usually have moderate differences. 


541. 


542. 


543. 


544. 


polar; 


polar; 


polar; 


polar; 
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In CCl, the symmetrical arrangement of the four polar bonds (tetrahedral) results in 
their polarities canceling, leaving a nonpolar molecule: 


polar 


Elements that have a moderate difference in their electronegativity values normally 
form polar covalent bonds. Nonmetals that aren’t adjacent on the periodic table usu- 
ally have moderate differences (note that hydrogen is special in that its electronegativ- 
ity places it between boron and the carbon). 


In NH,, the three bonding pairs are on one side of the molecule (the base of the trigo- 
nal pyramid), making the base of the pyramid positive and the top negative. This 
makes the molecule polar. 


A 


Elements that have a moderate difference in their electronegativity values normally 
form polar covalent bonds. Nonmetals that aren’t adjacent on the periodic table usu- 
ally have moderate differences. (Note: Diagonal elements are 1.4 times as far away 
from each other as side-by-side elements; if you go over one and down one, you can 
think of the elements as though they’re nonadjacent; they’re twice as far away.) 


polar 


Answers 
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The SeCl, molecule has a seesaw shape, so the polarities of the end atoms (180° apart) 
cancel. The other two polar bonds pull in the same general direction to make the mole- 
cule polar. 


nonpolar 


Elements that have a moderate difference in their electronegativity values normally 
form polar covalent bonds. Nonmetals that aren’t adjacent on the period table, such as 
xenon and oxygen, usually have moderate differences. 


In XeO,, the symmetrical arrangement of the four polar bonds (tetrahedral) results in 
their polarities canceling, leaving a nonpolar molecule. 


polar 


Elements that have a moderate difference in their electronegativity values normally 
form polar covalent bonds. Nonmetals that aren’t adjacent on the periodic table, such 
as iodine and chlorine, usually have moderate differences. 


ICI, is a T-shaped molecule. The two polar covalent bonds forming the top of the T 
cancel, and the remaining polar covalent bond makes the molecule polar. 
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545. OF, NBr,, PCl, and IF. 


OF,, PCL, and IF, are all polar because they contain polar bonds and have uneven dis- 
tributions of electrons on asymmetric molecules (their respective molecular shapes 
are bent, trigonal pyramidal, and square pyramidal). NBr, has nonpolar bonds and an 
even distribution of electrons all the way around the molecule, but because the mole- 
cule is trigonal pyramidal (because it has three bonding pairs of electrons and one 
nonbonding pair), the molecule is polar. 


5 4 6. decomposition 


When one reactant forms two or more products, you have a decomposition reaction. 
In this case, NaCl breaks down into Na and Cl,. 


5 4 1. single displacement 
In this reaction, the sodium displaces the hydrogen from the HCl. When an element 


replaces an element with similar charge in a compound, forming a new compound and 
leaving the replaced element by itself, the reaction is a single displacement reaction. 


5 4 8. combination 


In a combination reaction, also known as a synthesis reaction, two elements react to 
form a single compound. 


5 4 g. combustion 


When oxygen in the air reacts with a compound containing carbon (with an ignition 
source) to form carbon dioxide and water, you have a combustion reaction. 


Answers 
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If insufficient oxygen is present, incomplete combustion may occur. In that case, CO or 
even C(s) may form in place of the CO,. 


5 5 0. double displacement 


A reaction that occurs when two compounds exchange ions is a double displacement 
reaction. To make the swap easier to see, note that you can write H,O as HOH (or 
H-OH). 


This specific type of double displacement reaction (an acid reacting with a base) is 
also known as a neutralization reaction. 


5 5 1. combination 


The two elements hydrogen and oxygen react to form a single compound, so this is a 
combination reaction. 
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552. 


553. 


554. 


555. 


556. 


557. 


558. 


combustion 
When oxygen in the air reacts with a compound containing carbon (with an ignition 


source) to form carbon dioxide and water, you have a combustion reaction. 
Incomplete combustion may also have carbon monoxide as a product. 


combination 


The two elements nitrogen and hydrogen react to form a single compound, so this is a 
combination reaction. 


decomposition 


When one reactant forms two or more products, the reaction is a decomposition 
reaction. 


single displacement 
In a single displacement reaction, an element replaces an element of similar charge in a 


compound, forming a new compound and leaving the replaced element by itself. In this 
case, potassium displaces silver. 


combination 


4A1+30, > 2Al,0, 


When two elements react to form a single compound, you have a combination 
reaction. 
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double displacement 


2NaOH+ Pb(NO;), > 2NaNO,+Pb(OH), 


A reaction that occurs when two compounds exchange ions is a double displacement 
reaction. In this case, the sodium trades places with the lead (or equivalently, the 
hydroxide trades places with the nitrate). 


single displacement 


Mg + 2HCl > MgCl, + H, 


When an element replaces an element of similar charge in a compound, forming a new 
compound and leaving the replaced element by itself, the reaction is a single displace- 
ment reaction. In this case, magnesium displaces hydrogen. 
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559. 


560. 


561. 


562. 


563. 


564. 


decomposition 


2HgO > 2Hg +0, 


When one reactant forms two or more products, the reaction is a decomposition 
reaction. 


combustion 


2C 4H» +130, > 8CO, +10H,0 


When oxygen in the air reacts with a compound containing carbon (with an ignition 
source) to form carbon dioxide and water, the reaction is a combustion reaction. 
Incomplete combustion may also have carbon monoxide as a product. 


single displacement 


Fe + CuCl, — FeCl, + Cu 


In a single displacement reaction, an element replaces an element of similar charge in a 
compound, forming a new compound and leaving the replaced element by itself. Here, 
iron takes the place of copper. 


decomposition 


2NaHCO, > Na,0+H,0+2CO, 


When one reactant forms two or more products, the reaction is a decomposition 
reaction. 


combustion 


C,H;OH+ 30, > 2CO, +3H,0 
In a combustion reaction, oxygen in the air reacts with a compound containing carbon 


(with an ignition source) to form carbon dioxide and water. Incomplete combustion 
may also have carbon monoxide as a product. 


combination 


CaO + H,0 > Ca(OH), 


When two elements react to form a single compound, it’s a combination reaction. 


565. 


566. 


567. 


568. 


569. 


570. 


combination 


2C0 +0, > 2CO, 


Two elements react to form a single compound, so this is a combination reaction. You 
can also classify this reaction as a combustion reaction. 


single displacement 


Zn+H,SO,— ZnSO, +H, 


When an element replaces an element with similar charge in a compound, forming a 
new compound and leaving the replaced element by itself, you have a single displace- 
ment reaction. 


decomposition 


2N,0 > 2N, +0, 


When one reactant forms two or more products, you have a decomposition reaction. 
double displacement 


Ca(OH), +H,SO, — CaSO, +2H,0 


A reaction that occurs when two compounds exchange ions is a double displacement 
reaction. Here, the calcium trades places with the hydrogen (or equivalently, the 
hydroxide trades places with the sulfate). 


This type of double displacement reaction (an acid plus a base) is also known as a 
neutralization reaction. 


combination 


4Li+ O, > 2Li,0 
When two elements react to form a single compound, you have a combination 
reaction. 


combustion 


C,H, +50, > 3CO, + 4H,0 


When oxygen in the air reacts with a compound containing carbon (with an ignition 
source) to form carbon dioxide and water, you have a combustion reaction. 
Incomplete combustion may also have carbon monoxide as a product. 
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5 7 1. double displacement 


AgNO, + NaCl > NaNO, + AgCl 
A reaction that occurs when two compounds exchange ions of the same charge is a 


double displacement reaction. In this case, the sodium trades places with the silver (or 
equivalently, the nitrate trades places with the chloride). 


5 72. combination 


2Na + H, > 2NaH 


When two elements react to form a single compound, the reaction is a combination 
reaction. 


5 73. single displacement 


2KBr + Cl, > 2KCl + Br, 


In a single displacement reaction, an element replaces an element of similar charge ina 
compound, forming a new compound and leaving the replaced element by itself. In this 
case, chlorine displaces bromine. 


5 14. decomposition 


Cu(OH), > CuO + H,O 
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When one reactant forms two or more products, you have a decomposition reaction. 
5 15. double displacement 


Al, (SO, )s +Ca;(PO, ); — 2AIPO,+3CaSO, 
A reaction that occurs when two compounds exchange ions is a double displacement 


reaction. In this case, the aluminum trades places with the calcium (or equivalently, 
the sulfate trades places with the phosphate). 


576. 1,2 


For every N,O, molecule that decomposes, you need two NO, molecules, making the 
coefficients of the balanced equation 1 and 2: 


N,0, > 2NO, 


577. 1, 3, 1,1 


The only element out of balance in this reaction is the chlorine. Two atoms of 
chlorine are on the reactants side of the equation, and six atoms of chlorine are 


578. 


579. 


580. 


581. 


582. 


on the products side of the equation. Multiplying the Cl, by 3 makes the coefficients 
1,3, 1, and 1: 


CS, +3Cl; > CCl, 5.0, 


1, 1, 1,2 


In this equation, the Na atoms and the NO, ions are not in balance. Two sodium atoms 
and two nitrate ions are on the reactants side, and only one sodium atom and one 
nitrate ion are on the products side. Multiplying the NaNO, by 2 balances the equation 
and makes the coefficients 1, 1, 1, and 2: 


Na,CO, +Cd(NO,), > CaCO; + 2NaNO, 


In this equation, neither the iodine nor the chlorine is balanced. You see two atoms of 
iodine and two atoms of chlorine on the reactants side but only one atom of iodine and 
one atom of chlorine on the product side. Multiplying IC] by 2 balances the iodine and 
the chlorine atoms, making the coefficients 1, 1, and 2: 


1, +Cl, > 2ICl 


2,1, 2,1 


In this equation, neither the chlorine nor the fluorine is balanced. You have one atom 
of chlorine and two atoms of fluorine on the reactants side but only one atom of fluo- 
rine and two atoms of chlorine on the products side. Multiplying the KCl by 2 on the 
reactants side balances the chlorine atoms, but that gives you two atoms of potassium 
on the reactants side. Multiplying the KF on the products side then balances the potas- 
sium and fluorine atoms, making the coefficients 2, 1, 2, and 1: 


2KCl+ F, > 2KF + Cl, 


1, 2, 1, 2 


In this equation, only the carbon atoms are balanced. Multiplying the water on the 
products side by 2 balances the hydrogen atoms, giving you four on each side; it also 
increases the number of oxygen atoms on the products side to four. To balance the 
oxygen atoms, you need to multiply the O, on the reactants side by 2, making the coef- 
ficients 1, 2, 1, and 2: 


CH, +20, > CO, +2H,0 


To balance this equation, first balance the oxygen by multiplying CaO by 2. Next, bal- 
ance the calcium by multiplying the Ca on the reactants side by 2. The coefficients are 
2, 1, and 2: 


2Ca+O,— 2CaO 
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583. 1,3,2 


Neither the nitrogen nor the hydrogen is balanced in this equation. First, balance the 
nitrogen by multiplying the NH, by 2, giving you two nitrogen atoms on each side. You 
now have six hydrogen atoms on the product side. To balance the hydrogen atoms, 
multiply the H, by 3. This final coefficients are 1, 3, and 2: 


N, +3H, > 2NH, 


584. 2,1,2 


Initially, only the sulfur is balanced in this equation. You need more oxygen atoms on 
the product side, so begin by multiplying the SO, by 2; this gives you six oxygen atoms 
and two sulfur atoms on the product side. 


To balance the sulfur atoms, multiply the SO, by 2 on the reactants side; this gives you 
two sulfur atoms and four oxygen atoms. When you add the four oxygen atoms from the 
2SO, to the two oxygen atoms from the O,, you see that you have six oxygen atoms on 
the reactants side, so the oxygen is balanced. The coefficients are 2, 1, and 2: 


2S0, +O, — 250, 


585. 3,2,1,6 


Nothing is balanced in this equation. Start with the Mg atoms. You have one Mg atom 
on the reactants side and three on the products side, so multiply the Mg(NO,), by 3; 
not only does this give you three Mg atoms on both sides, but it also gives you six NO, 
ions on the reactants side, compared to the one NO, ion on the products side. 


To balance the NO, ions, multiply KNO, by 6 on the products side; this also gives you 
six K atoms. Last, multiply the K,PO, by 2 to balance the K and PO, ions. The final coef- 
ficients 3, 2, 1, and 6: 


3Mg(NO,), +2K;PO,— Mg; (PO,), + 6KNO, 
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586. 1,1,1 


Here’s the balanced equation: 
BaSO, — BaO + SO, 


The coefficients are 1, 1, and 1. 


587. 1,2,1,1 
Write the unbalanced equation: 
SiC + Cl, — SiC], +C 


Only the chlorine atoms are unbalanced. To balance them, multiply the Cl, by 2: 
SiC + 2Cl, > SiCl, +C 


The coefficients are 1, 2, 1, and 1. 


588. 


589. 


590. 


591. 


1,1, 2,1 


Write the unbalanced equation: 

Ag,SO,+Cu(ClO; in — AgClO, + CuSO, 
The silver atoms and the chlorate ions aren’t balanced. Multiplying the AgClO, on the 
products side by 2 balances the equation: 

Ag,SO,+Cu(ClO; ), — 2AgClO, + CuSO, 


The coefficients are 1, 1, 2, and 1. 


1, 2,1,1,1 


Write the unbalanced equation: 

CaCO, + HCI > CaCl, + H,O + CO, 
Only the hydrogen and chlorine atoms are unbalanced. Multiplying the HCI on the 
reactants side by 2 balances the equation: 

CaCO, + 2HCIl — CaCl, + H,O + CO, 


The resulting coefficients are 1, 2, 1, 1, and 1. 


4, 3, 2 


Write the unbalanced equation: 
B +0; > B0; 
To balance the oxygen atoms on both sides of the equation, you look for the lowest 


common multiple of 2 and 3, which is 6. Multiply the O, by 3 and the B,O, by 2 to bal- 
ance the oxygen atoms, giving you six on each side. 


You end up with four boron atoms on the product side, so multiply the B on the reac- 
tants side by 4. The coefficients of the balanced reaction are 4, 3, and 2: 


4B +30, > 2B,0; 


Write the unbalanced equation: 
Na +I, > Nal 


To balance the iodine, multiply the Nal by 2. That gives you two sodium atoms on the 
product side, so multiply Na by 2 on the reactants side: 


2Na +I, > 2Nal 
The coefficients are 2, 1, and 2, and they add up to 5. 
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592. 7 


Write the unbalanced equation, remembering that oxygen gas is diatomic: 
KCIO; > KCI+0, 


To balance this equation, you need to balance the oxygen atoms. The lowest common 
multiple of 3 and 2 is 6, so multiply the KCIO, by 2 and the O, by 3 to get six oxygen 
atoms on each side. 


Now you have two potassium and two chlorine atoms on the reactant side. To balance 
those atoms, multiply the KCl on the products side by 2, which gives you 


2KC1O, > 2KC1+30, 


The coefficients are 2, 2, and 3, and their sum is 7. 


593. 9 


Write the unbalanced equation, remembering that oxygen gas is diatomic: 
Fe+O, > Fe,0; 


First, balance the oxygen atoms. The lowest common multiple of 2 and 3 is 6, so multi- 
ply the Fe,O, by 2 (which also gives you four Fe atoms) and the O, by 3, giving you six 
oxygen atoms on each side. 


Multiply the Fe on the reactants side by 4 to finish balancing the equation: 
4Fe +30, > 2Fe,0; 


The coefficients are 4, 3, and 2, and they add up to 9. 


594. 12 
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Write the unbalanced equation, remembering that Ca”* plus N* gives you Ca,N, (cal- 
cium nitride): 


Ca3N, +H,0 > Ca(OH), +NH; 
Tip: As you balance this equation, thinking of H,O as HOH (or H-OH) may be helpful. 
That way, you can easily see where the OH in Ca(OH), and the H in NH, come from. 


Balance the calcium first by multiplying the Ca(OH), on the products side by 3. Then 
balance the nitrogen by multiplying the NH, by 2. 


Now you need to balance the hydrogens and hydroxides. You can do this by multiply- 
ing the H,O by 6. Here’s the final, balanced equation: 


CaN, +6H,0 — 3Ca(OH), +2NH, 


The coefficients are 1, 6, 3, and 2, and they add up to 12. 


595. 2, 25, 16, 18 


Write the unbalanced equation: 
CHi +O, > CO,+H,O 


596. 


597. 
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Tip: When balancing a combustion reaction with a hydrocarbon, balance the carbon 
first, the hydrogen second, and the oxygen last. 


Balance the carbon and hydrogen by multiplying the carbon dioxide on the products 
side by 8 and multiplying the water on the products side by 9: 

CH; +O, —> 8CO,+9H,O 
Sometimes when balancing the C and H, you end up with an odd number of O atoms on 
the products side. In this case, 8CO, + 9H,O gives you 16 + 9 = 25 oxygen atoms. To 


remedy this, multiply the C,H,, by 2. Then continue to balance, doubling your carbon 
and hydrogen atoms on the products side: 


2C sHig +O, > 16CO, +18H,0O 
That gives you an even number of oxygen atoms on the products side (32 + 18 = 50), so 
multiply the O, by 25. The final coefficients are 2, 25, 16, and 18: 

2C Hj, +250, > 16CO, + 18H,O 


Ironi) bromide and barium hydroxide are two ionic compounds, so first determine 
what kind of reaction takes place. You may be able to do that from just the words, or 
you may need to write the formulas for the reactants first: 


FeBr, + Ba(OH), > 


You should recognize that a double displacement reaction will occur. The anions or 
cations will change places in the two compounds, and the products will be irondll) 
hydroxide and barium bromide. Here’s the unbalanced equation: 


FeBr; + Ba(OH), — Fe(OH), + BaBr, 
The bromine atoms and the hydroxide ions aren’t balanced. You can remedy the bro- 


mine imbalance by multiplying the FeBr, by 2 and the BaBr, by 3, giving you six bro- 
mine atoms on each side. 


Answers 
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Now you need to balance the Ba”, Fe**, and OH, which you can do by multiplying the 
Ba(OH), by 3 and the Fe(OH), by 2. The balanced equation is 


2FeBr, + 3Ba(OH), — 2Fe(OH), + 3BaBr, 


The coefficient on the barium hydroxide is 3. 


In this reaction, an element (potassium) reacts with a compound (nickel(ID chloride), 
and that pattern characterizes this reaction as a single displacement reaction. The 
positively charged ions trade places, so the potassium replaces the nickel to make 
potassium chloride. Here’s the unbalanced equation: 


K+ NiCl, — KCl + Ni 


To balance the chlorine, multiply the potassium chloride on the products side by 2. 
Then multiply the potassium on the reactants side by 2 to balance the potassium. 
Here’s the balanced equation: 


2K + NiCl, > 2KCl + Ni 


The coefficient on the nickel(ID chloride is 1. 
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598. 5 


When only one reactant shows up in an equation, you can be pretty sure that the reac- 
tion is a decomposition reaction. Metallic oxides with high metal charges decompose 
into metallic oxides with lower metal charges. Lead(IV) oxide decomposes into lead(l) 
oxide and oxygen gas, so here’s the unbalanced equation: 


PbO, — PbO+0, 
To balance this equation, simply multiply the PbO by 2 to get an even number of 
oxygen atoms; then multiply the PbO, by 2 to balance the lead atoms: 

2PbO, > 2PbÞbO +0, 


The coefficients are 2, 2, and 1, which add up to 5. 


Here’s another possible reaction (note that the coefficients still sum to 5): 
3PbO, > Pb;0,+0, 


599. 3 


This reaction involves two compounds, each with a positive and a negative ion, so this 
must be a double displacement reaction. The silver will change places with the alumi- 
num (or equivalently, the nitrate will change places with the chlorine) to form silver 
chloride and aluminum nitrate. Here’s the unbalanced equation: 


AgNO, + AICI, — AgCl+ AI( NO; ), 
The chlorine atoms and the nitrate ions aren’t balanced. To remedy this situation, mul- 


tiply the AgCI by 3 to balance the chlorine; then multiply the AgNO, by 3 to balance the 
silver and nitrate: 


3AgNO, + AICI, = 3AgCI+ AI( NO; ), 


The coefficient on the silver nitrate is 3. 


600. 6 


Answers 
601-700 


When only one reactant shows up in an equation, you can be pretty sure you’re deal- 
ing with a decomposition reaction. With a nonmetallic halide, the products are two ele- 
ments (the nonmetal and the halogen), so here’s the unbalanced equation: 


NCI, > N, +Cl, 


First, multiply the NCI, by 2 to even out the nitrogen atoms on each side of the equa- 
tion. Next, balance the chlorine atoms by multiplying the Cl, by 3: 


2NCl; > N, +3Cl, 


The sum of the coefficients is 2+ 1 + 3 = 6. 
601. 2Zn +0, > 2ZnO 


Here, two elements are reacting with each other to form a compound, making this a 
combination reaction. Write the unbalanced equation, remembering that oxygen gas is 
diatomic and that zinc, as a metal, is monatomic: 


602. 


603. 


604. 
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Zn + O, > ZnO 


Multiply the ZnO by 2 to balance the oxygen atoms and multiply the Zn by 2 to balance 
the zinc atoms: 


2Zn + O, > 2ZnO 


In this reaction, a compound is reacting with an element — the pattern of a single dis- 
placement reaction. The positive hydrogen ion will displace the positive iron ion in 
iron(II) oxide to make water, leaving Fe as the metal. Here’s the unbalanced equation: 


Fe,0,+H, > Fe+H,0 
First balance the oxygen atoms by multiplying the H,O by 3. Then multiply the H, by 3 


to balance the hydrogen atoms. Next, you need to balance the iron atoms, so multiply 
the Fe on the products side by 2. Here’s the balanced equation: 


Fe,0;+3H, > 2Fe+3H,O0 


The sum of the coefficients of this reaction is 1+3+2+3=9. 


Only one reactant is given, so this reaction is a decomposition reaction. Nonmetallic 
oxides decompose to give you a nonmetal and oxygen gas. Write the unbalanced equa- 
tion, remembering that elemental gases are diatomic (except for the noble gases, 
which are monatomic): 


NO, >N; +0, 
To balance the nitrogen, multiply the NO, on the reactant side by 2. This gives you four 


oxygen atoms on the reactant side, so also multiply the O, by 2. Here’s the balanced 
equation: 


2NO, >N, +20, 


The coefficient on the nitrogen dioxide is 2. 


Answers 
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2AgNO, +K,Cr,O, > Ag,Cr,O, + 2KNO, 


The reactants are two compounds, each with a positive ion and a negative ion, so this 
must be a double displacement reaction. The silver will change places with the potas- 
sium (or equivalently, the nitrate will change places with the dichromate) to form 
silver dichromate and potassium nitrate. Here’s the unbalanced equation: 


AgNO, +K,Cr,0, > Ag CrO; +KNO, 
The potassium atoms and the silver ions aren’t balanced. To balance the potassium, 


multiply the KNO, by 2. Then multiply the AgNO, by 2 to balance the silver and the 
nitrate: 


2AgNO, +K,Cr,0, > Ag,Cr,O, + 2KNO, 
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605. 3 


In this case, an element (aluminum) reacts with a compound (copper(II) sulfate), 
which is the pattern of a single displacement reaction. The ions with the positive 
charges trade places, so the aluminum replaces the copper to make aluminum sulfate: 


Al+ CuSO, > Al, (S04); +Cu 
To balance this equation, you need to multiply the CuSO, by 3, because you have three 
SO,” ions in aluminum sulfate. Next, multiply the Cu on the products side by 3 to bal- 


ance the copper atoms. Last, multiply the Al on the reactants side by 2, giving you the 
balanced equation: 


2Al+ 3CuSO, > Al; (SO,), +3Cu 


The coefficient on the copper(II sulfate is now 3. 


606. +7 


To find the oxidation number of an element in a compound, set up an algebraic equa- 
tion. Because KMnO, is a neutral compound, the sum of the charges of all the atoms in 
the compound equals zero: 


K+Mn+40=0 


Substitute in the oxidation numbers of the elements other than manganese. Potassium 
is in Group 1 (IA) on the periodic table, so its expected oxidation state is +1. Oxygen is 
in Group 16 (VIA), so its expected oxidation state is —2. 


K+Mn+40=0 
1(+1)+1(Mn)+4(-2)=0 
Mn-7=0 

Mn=7 


The oxidation number of manganese is +7. 


60 7. +5 


Answers 
601-700 


To find the oxidation number of an element in a compound, set up an algebraic equa- 
tion. Because NaBrO, is a neutral compound, the sum of the charges of all the atoms 
in the compound equals zero: 


Na + Br+30=0 


Substitute in the oxidation numbers of the elements other than bromine. Sodium is in 
Group 1 (1A) on the periodic table, so its expected oxidation state is +1. Oxygen is in 
Group 16 (VIA), so its expected oxidation state is -2. Enter the values and then solve: 


Na+ Br+30=0 
1(+1)+1(Br)+3(-2)=0 
Br-5=0 

Br=5 


The oxidation number of bromine is +5. 
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To find the oxidation number of an element in a compound, set up an algebraic equation. 
Because Cr,O,”" is a polyatomic ion, the sum of the charges of all the atoms in the ion 
equals the charge on the ion: 


2Cr + 70 = -2 


Next, substitute in the oxidation numbers of any elements other than chromium. 
Oxygen is in Group 16 (VIA), so its most common oxidation state is -2. Then solve: 


2Cr +70 = -2 
2Cr +7(-2)= -2 
2Cr -14 = -2 
2Cr =12 

Cr=6 


The oxidation number of chromium is +6. 


To find the oxidation number of an element in a compound, set up an algebraic equa- 
tion. Because S,O,” is a polyatomic ion, the sum of the charges of all the atoms in the 
ion equals the charge on the ion: 


2S + 30 = -2 


Substitute in the oxidation number of the oxygen, which is more electronegative than 
sulfur. Oxygen is in Group 16 (VIA) on the periodic table, so its expected oxidation state 
is -2. Then solve: 


25+30=-2 
25 +3(-2)=-2 
25-6=-2 
25=4 

S=2 


The oxidation number of sulfur is +2. 


Answers 
601-700 


oxidation 


Oxidation occurs when a substance loses electrons. 


reduction 


Reduction occurs when a substance gains electrons. 


Fe loses two electrons to become Fe”*, so Fe is oxidized. 
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6 13. Fe? 


Fe% gains two electrons to become Fe, so it’s reduced. 


6 14. Cu 


The reducing agent is the substance that’s been oxidized; that is, it’s the one that loses 
electrons. In this equation, copper loses electrons: 


Cu > Cu” +2e7 


6 15. Br, 


The oxidizing agent is the substance that’s been reduced; that is, it’s the one that gains 
electrons. In this equation, Br, gains electrons: 


Br, +2e° > 2Br™ 


Notice that Br, is also the reducing agent: 
Br, +120H” > 2BrO, +6H,0+10e— 


6 16. 3e- 


To balance this half-reaction, first balance the oxygen atoms: 
NO; — NO 
NO; — NO + 2H,O 
The water comes from the oxygen and hydrogen present in the acidic environment. 
Then balance the hydrogen atoms: 
4H*+NO, — NO + 2H,0 
Finally, balance the charge, giving you three electrons: 
3e + 4H*+NO, — NO + 2H,O0 
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6 1 7. 10e- 


To balance this half-reaction, first balance the bromine atoms: 
Br, > BrO," 
Br, > 2BrO," 
Then balance the oxygen atoms, followed by the hydrogen atoms. Add twice as many 


OH as you need to the oxygen-deficient side. Then add half as many H,O molecules to 
the opposite side to balance the H atoms: 


120H7 + Br, > 2BrO, 
120H7 + Br, > 2BrO;~ +6H,0 


Finally, balance the charge, giving you 10 electrons: 
1200H" + Br, > 2BrO, +6H,0 +10e7 


618. 


619. 


The two half-reactions for this equation are as follows: 
Zn > Zn” 
HAsO, > AsH, 


You need to balance the first half-reaction only for charge. To do this, add two elec- 
trons to the products side: 


Zn > Zn** +2e7 


The second half-reaction needs oxygen atoms on the products side, so add water 
to the products side and then add hydrogen ions to the reactants side: 


H,AsO, > AsH; +4H,O 
8H* +H,AsO, > AsH, +4H,O 
Next, add eight electrons to the reactants side to balance the charge: 
8e- + 8H* +H,AsO, — AsH, +4H,O 
The number of electrons on each side of the half-reactions needs to match, so finish 


balancing the equation by multiplying the zinc half-reaction (Zn > Zn”* + 2e7 ) by 4 and 
then adding the two half-reactions back together: 


4Zn > 4Zn** + 8e“ 
Be“ + 8H* +H,AsO, > AsH; +4H,O 
4Z7n+8H* +H;AsO, > 4Zn”* + AsH, +4H,O 


The equation is now balanced, with eight hydrogen ions on the reactants side. 


The two half-reactions for this equation are as follows: 
Bi” > Bi 
SnO,” > SnO,” 


You need to balance the first half-reaction only for charge. To do this, add three elec- 
trons to the reactant side: 


3e7 + Bi* > Bi 


For the second half-reaction, you need to balance the oxygen atoms. To do this in the 
presence of a base (OH), note how many oxygen atoms you need to add to the oxygen- 
deficient side and add twice as many hydroxide ions; then balance out the hydrogen 
atoms by adding half as many water molecules to the opposite side. In this case, you 
add two hydroxide ions to the reactants and one water molecule to the products side, 
for a net gain of one oxygen atom: 


20H +Sn0,2 — SnO,” +H,0 


Next, balance the charge by adding two electrons to the products side: 
20H” +Sn0O,” > SnO,” +H,O+2e7 
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When you add the two half-reactions together, the number of electrons needs to 
cancel. So multiply the first half-reaction (3e- +Bi* > Bi ) by 2 and multiply the 


second half-reaction (20H +SnO,” —> nO,” +H,0 +2e” ) by 3. Here’s what you get 
when you add the half-reactions: 


be“ + 2Bi** > 2Bi 
60H +3Sn0,” — 3Sn0,” +3H,0+ be^ 
2Bi** +6OH +3Sn0,” — 2Bi+3Sn0,” +3H,O 


Both the atoms and charge are in balance. The question asks for the coefficient on the 
hydroxide ion in the balanced equation, so the answer is 6. 


620. 1,5, 3, 3,3,3 


First, separate the substances that would dissolve in water and eliminate the spectator 
ions: 


KIO; +KI+H,SO, > KSO, +1; +H,O 
K* +10; + K* +r +H* +90” > K* +904” +1, +H,0 
Then write your two half-reactions: 
I0; 71, 
r >l, 
Next, balance the iodine atoms, then the oxygen atoms, and then the hydrogen atoms 
in the first half-reaction. Note that in an acidic solution, excess oxygen combines with 


hydrogen atoms from the acidic environment to produce water. Here’s the first 
half-reaction: 


210; 1, 
210; >1,+6H,O 
12H* +210," —> I, +6H,0 
For the second half-reaction, you just balance the iodine atoms: 
27 >l, 
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Now balance the charge in each half-reaction by adding electrons where needed: 
10e7+12H* +210; > I, +6H,O0 
21 >l, +2e7 
Next, balance the charge — that is, make the number of electrons in each half-reaction 
equal. In this case, the lowest common multiple of 10 and 2 is 10, so you multiply the 


second half-reaction (2r >l, + 2e”) by 5 to get 10 electrons. Add the half-reactions and 
cancel the electrons: 


196° +12H* +210;7 >1,+6H,O 
107 > 51, + 106° 
12H* +210, +1017 — 61, +6H,O 


Now substitute this equation into the original molecular equation, reinserting the spec- 
tator ions (K* and SO,”): 


621. 


KIO, + KI+H,SO, > K,SO,+1, +H,0 
2KIO, + 10KI+H,SO, > K,SO, +61, +6H,O 
You have 12 hydrogen ions on the reactants side, so multiply the H,SO, by 6; then mul- 


tiply K,SO, by 6 to balance the potassium and sulfate ions with the ones on the reac- 
tants side of the equation: 


2KIO, + 10KI+ 6H,SO, > 6K,SO, + 6l, +6H,O 


You can divide everything by 2, so here’s the final equation: 
KIO, + 5KI+3H,SO, > 3K,SO, +31, +3H,O 


The resulting coefficients are 1, 5, 3, 3, 3, and 3. 


At first, this equation may appear to be balanced. In fact, the atoms are balanced, but 
the charge isn’t. The two half-reactions for this equation are as follows: 


MnO, — MnO, 
clo, > ClO,” 
You need to balance the oxygen atoms in each half-reaction. To do this in a basic solu- 
tion, think of how many oxygen atoms you need on the oxygen-deficient side and add 
twice as many hydroxide ions; then balance out the hydrogen atoms by adding half as 
many water molecules to the opposite side. In this case, you add four hydroxide ions 


to the oxygen-deficient side and two water molecules to the opposite side, for a net 
gain of two oxygen atoms: 


2H,0+MnO, — MnO, +40H- 

40H +ClO, > ClO, +2H,O 
Next, balance the charge in each half-reaction by adding electrons. In this case, add 
three electrons to the reactants in the first half-reaction: 

3e° +2H,0+MnO, — MnO, +40H™ 


Then add four electrons to the products in the second half-reaction: 
40H +ClO, — ClO, +2H,0+4e7 


The number of electrons in each half-reaction must be equal. The lowest common multiple 
of 3 and 4 is 12, so multiply the first half-reaction (3e~ +2H,O +MnO, — MnO, + 40H ) by 


4 and the second half-reaction (40H™ +ClO, > ClO, +2H,0+4e- ) by 3. Then add the 
half-reactions together and simplify: 


126 +8H,0+4MnO,- > 4MnO, +160H7 
120H~ +3Cl10,~ —> 3C10,7 +6H,O0 + 126° 
8H,0+4MnO, +120H +3ClO,- > 4MnO, +16OH +3ClO, +6H,O 


Last, remove the terms that appear on both sides of the equation. Six water molecules 
cancel out, reducing the eight water molecules on the reactants side to two. Twelve 
hydroxide ions cancel out, reducing the number of hydroxide ions on the products 
side from sixteen to four. Here’s the reaction: 


2H,0+4MnO,” +3Cl0,~ > 4MnO, + 40H” +3C10,~ 
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Double-check to make sure all the atoms and the charge are in balance. They’re bal- 
anced, so the coefficient of ClO, is 3. 


622. 74.56 g/mol 


Find the molar masses of the elements in KCI by looking up their atomic masses on the 
periodic table. The molar mass of potassium is 39.102 g/mol, and the molar mass of 
chlorine is 35.453 g/mol. Adding the masses gives you 39.102 + 35.453 = 74.555 g/mol, 
which rounds to 74.56 g/mol. 


623. 56.08 g/mol 


Find the molar masses of the elements in CaO by looking up their atomic masses on 
the periodic table. The molar mass of calcium is 40.08 g/mol, and the molar mass of 
oxygen is 15.9994 g/mol. The sum is 40.08 + 15.9994 = 56.0794 g/mol, which rounds to 
56.08 g/mol. 


624. 83.98 g/mol 


Find the molar masses of the elements in AIF, by looking up their atomic masses on the 
periodic table. Based on the formula, you need to multiply the molar mass of fluorine 
(18.9984 g/mol) by 3, the number of fluorine atoms. You can use the molar mass of alu- 
minum (26.9815 g/mol) directly. 


Add the masses of the elements together and then round to the hundredths place. The 
sum is 26.9815 + (18.9984 x 3) = 83.9767 g/mol, which rounds to 83.98 g/mol. 


625. 69.62 g/mol 


Find the molar masses of the elements in B,O, by looking up their atomic masses on 
the periodic table. The formula includes two boron atoms and three oxygen atoms, so 
multiply the molar mass of boron (10.811 g/mol) by 2 and multiply the molar mass of 
oxygen (15.9994 g/mol) by 3. 


Add the masses of the elements and round to the hundredths place. The sum is 
(10.811 x 2) + (15.9994 x 3) = 69.6202 g/mol, which rounds to 69.62 g/mol. 
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626. 331.63 g/mol 


Find the molar masses of the elements in CBr, by looking up their atomic masses on 
the periodic table. Carbon has a molar mass of 12.01115 g/mol, and bromine has a 
molar mass of 79.904 g/mol. The formula includes four bromine atoms, so multiply the 
molar mass of bromine by 4. 


Add the masses of the elements and round to the hundredths place. The sum is 
12.01115 + (79.904 x 4) = 331.62715 g/mol, which rounds to 331.63 g/mol. 


627. 53.49 g/mol 


Find the molar masses of the elements in NH,CI by looking up their atomic masses on 
the periodic table. Nitrogen has a molar mass of 14.0067 g/mol, hydrogen has a molar 


628. 


629. 


630. 


631. 
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mass of 1.00797 g/mol, and chlorine has a molar mass of 35.453 g/mol. The formula 
includes four hydrogen atoms, so multiply the molar mass of hydrogen by 4. 


Add the masses of the elements and round to the hundredths place. The sum is 
14.0067 + (1.00797 x 4) + 35.453 = 53.49158 g/mol, which rounds to 53.49 g/mol. 


261.35 g/mol 


Find the molar masses of the elements in Ba(NO,), by looking up their atomic masses 
on the periodic table. Based on the formula for barium nitrate, you need to multiply the 
molar mass of nitrogen (14.0067 g/mol) by 2, the number of nitrogen atoms present; you 
also need to multiply the molar mass of oxygen (15.9994 g/mol) by 6, the number of 
oxygen atoms present. You can use the molar mass of barium (137.34 g/mol) directly. 


Add the masses of the elements and round to the hundredths place. The sum is 137.34 + 
(14.0067 x 2) + (15.9994 x 3 x 2) = 261.3498 g/mol, which rounds to 261.35 g/mol. 


132.14 g/mol 


Find the molar masses of the elements in (NH,),SO, by looking up their atomic masses 
on the periodic table. Ammonium sulfate contains two ammonium ions for every sul- 
fate ion, giving you two nitrogen atoms, eight hydrogen atoms, one sulfur atom, and 
four oxygen atoms. Multiply the molar mass of each element by the proper number of 
atoms, add the results, and round to the hundredths place. The sum is (14.0067 x 2) + 
(1.00797 x 4 x 2) + 32.064 + (15.9994 x 4) = 132.13876 g/mol, which rounds to 132.14 g/mol. 


247.80 g/mol 


First, write the formula for silver sulfide. Silver is Ag* and sulfide is S%-, so the formula 
is Ag,S. Next, find the molar masses of the elements by looking up their atomic masses 
on the periodic table. 


Based on the formula, you need to multiply the molar mass of silver (107.8682 g/mol) 
by 2, the number of silver atoms. You can use the molar mass of sulfur (32.064 g/mol) 
directly. Add the masses together and round to the hundredths place. The sum is 
(107.8682 x 2) + 32.064 = 247.8004 g/mol, which rounds to 247.80 g/mol. 


Answers 
601-700 


105.99 g/mol 


First, write the formula for sodium carbonate. The sodium ion is Na* and carbonate is 
CO,”, so the formula is Na,CO,. Next, find the molar masses of the elements by looking 
up their atomic masses on the periodic table. 


Based on the formula, you need to multiply the molar mass of sodium (28.9898 g/mol) 
by 2, the number of sodium atoms, and multiply the molar mass of oxygen (15.9994 g/ 
mol) by 3, the number of oxygen atoms. You can use the molar mass of carbon 
(12.0115 g/mol) directly. Add the masses together and round to the hundredths place. 
The sum is (22.9898 x 2) + 12.0115 + (15.9994 x 3) = 105.9893 g/mol, which rounds to 
105.99 g/mol. 
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632. 318.02 g/mol 


Find the molar masses of the elements in Al,(C,O,), by looking up their atomic masses 
on the periodic table. In aluminum oxalate, you have two aluminum ions and three oxa- 
late ions. Each oxalate ion (C,0,’-) contains two carbon atoms and four oxygen atoms. 
When you multiply the atoms in the oxalate ion by 3, you get a total of six carbon 
atoms (2 x 3) and twelve oxygen atoms (4 x 3) in the formula. The sum of the molar 
masses is (26.9815 x 2) + (12.0115 x 2 x 3) + (15.9994 x 4 x 3) = 318.0248 g/mol, which 
rounds to 318.02 g/mol. 


633. 204.40 g/mol 


Find the molar masses of the elements in Zn(NH,),Cl, by looking up their atomic 
masses on the periodic table. This compound, which contains a complexion, includes 
four ammonia molecules combined with a zinc ion and two chlorine ions. Based on the 
formula, you need to multiply the molar mass of nitrogen (14.0067 g/mol) by 4, the 
number of nitrogen atoms; multiply the molar mass of hydrogen (1.00979 g/mol) by 

12, the number of hydrogen atoms; multiply the molar mass of chlorine (35.453 g/mol) 
by 2, the number of chlorine atoms; and use the molar mass of zinc (65.37 g/mol) 
directly. The sum of the molar masses is 65.37 + (14.0067 x 4) + (1.00797 x 3 x 4) + 
(35.453 x 2) = 204.39844 g/mol, which rounds to 204.40 g/mol. 


634. 249.68 g/mol 


This formula is for copper(II sulfate pentahydrate. To calculate its molar mass, think 
of the molecule as copper sulfate plus five water molecules. So not only do you have 
one copper atom, one sulfur atom, and four oxygen atoms, but you also have ten 
hydrogen atoms and five more oxygen atoms to account for when calculating the 
molar mass. 


Find the molar masses of the elements in CuSO,-5H,O by looking up their atomic 
masses on the periodic table, multiply the molar mass of each element by the proper 
number of atoms, and add the results. The sum is [63.546 + 32.064 + (15.9994 x 4)] + 
[( x 1.00797 x 2) + © x 15.9994)] = 249.6843 g/mol, which rounds to 249.68 g/mol. 


Answers 
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635. 287.04 g/mol 


The formula for manganese(II) nitrate hexahydrate begins with the manganese(ll) 
(Mn?) ion, followed by the nitrate ion (NO, ). You need two nitrate ions to balance the 
+2 charge on the manganese. After the Mn(NO,),, you need to account for the hexahy- 
drate, which is six water molecules. The formula becomes Mn(NO,),-6H,O. 


The formula shows one manganese atom, two nitrogen atoms, six oxygen atoms, twelve 
hydrogen atoms, and six more oxygen atoms. Find the molar masses of the elements in 
Mn(NO,),:6H,O by looking up their atomic masses on the periodic table, multiply the 
molar mass of each element by the proper number of atoms, and add the results. The 
sum is 54.9380 + (14.0067 x 2) + (15.9994 x 3 x 2) + (6 x 1.00797 x 2) + (6 x 15.9994) = 
287.0384 g/mol, which rounds to 287.04 g/mol. 
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636. 


637. 


638. 


639. 


640. 


501.61 g/mol 


The formula for iron(II) phosphate octahydrate begins with the iron(II ion (Fe’*), fol- 
lowed by the phosphate ion (PO,*), giving you the formula Fe,(PO,),. Add the octahy- 
drate (eight water molecules) to the Fe,(PO,),, and you get Fe,(PO,),:8H,O. 


The formula shows three iron atoms, two phosphorus atoms, eight oxygen atoms, six- 
teen hydrogen atoms, and eight more oxygen atoms. Find the molar masses of the ele- 
ments in Fe,(PO,),-8H,O by looking up their atomic masses on the periodic table, 
multiply the molar mass of each element by the proper number of atoms, and add the 
results. The sum is [(55.847 x 3) + (30.9738 x 2) + (15.9994 x 4 x 2)] + [(8 x 1.00797 x 2) + 
(8 x 15.9994)] = 501.60652 g/mol, which rounds to 501.61 g/mol. 


22.34% Na 


Divide the mass of 1 mol Na by the mass of 1 mol NaBr. The mass of NaBr is the sum of 
the masses of the atoms present. Then multiply by 100 to get the percent. 
% Na = Mass of Na_ 
Ne mass of NaBr * 100 
_ 22.9898 g 
~ (22.9898 + 79.904) g 


= 22.34% Na 


x100 


73.21% Sr 


Divide the mass of 1 mol Sr by the mass of 1 mol SrS. The mass of SrS is the sum of the 
masses of the atoms present. Then multiply by 100 to get the percent. 
% Sy = Mass of Sr 
% Sr= mass of SrS ad 
B 87.62 g 
~ (87.62 +32.064) g 


=73.21% Sr 


x100 


Answers 
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28.93% CI 


Divide the mass of 1 mol Cl by the mass of 1 mol KCIO,,. In finding the mass of KCIO,, 
multiply the mass of the oxygen by 3, because three oxygen atoms are present in the 
compound. Then multiply by 100 to get the percent. 


% C]=—mass of Cl __ 
ele mass of KCIO, KLD 


_ 35.453 g 
(39.102 + 35.453 +(15.9994x3)) g 


= 28.93% Cl 


x 100 


49.96% O 


Divide the mass of 4 mol O by the mass of 1 mol CaC,0,. Remember to multiply 
the molar mass of oxygen by 4, because four oxygen atoms are present in the 
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compound. The mass of CaC,O, is the sum of the masses of the atoms present, 
written in grams. 
After dividing the masses, multiply by 100 to get the percent: 


% o- Mass of 40 __ 
nO mass of CaC,0, X100 


7 (15.9994x4) g 
~ (40.08 +(12.01115 x 2)+(15.9994x 4)) g 
= 49.96% O 


x 100 


641. 40.56% S 


Divide the mass of 2 mol S by the mass of 1 mol Na,S,O,. Remember to multiply the 
molar mass of sulfur by 2, because two sulfur atoms are present in the compound. The 
mass of Na,S,O, is the sum of the atomic masses of the atoms present, written in 
grams. 

After dividing the masses, multiply by 100 to get the percent: 


o ¢____Mass of 2S 
a mass of Na,S,0, mite 


(32.064x2) g 
((22.9898 x 2) + (32.064 x 2) +(15.9994 x3)) g 
= 40.56% S 


x 100 


642. 35.00% N 


Divide the mass of 2 mol N by the mass of 1 mol NH,NO,. Make sure you include both 
the nitrogen from the ammonium and the nitrogen from the nitrate in the mass of the 
nitrogen. The mass of NH,NO, is the sum of the atomic masses of the atoms present, 
written in grams. 


After dividing the masses, multiply by 100 to get the percent: 


% N=——mass of 2N__ 
oe mass of NH,NO, x100 


(14.0067x2) g 
(14.0067 + (1.00797 x 4)+ 14.0067 + (15.9994x3)) g 
=35.00% N 


Answers 
601-700 


x100 


643. 10.21% Li 


The first step in finding the mass percent of lithium is to write the formula of lithium 
hydrogen carbonate. The lithium ion is Lit and the hydrogen carbonate ion is HCO, , 
so the formula is LiHCO,. 


Next, divide the mass of 1 mol Li by the mass of 1 mol LiHCO,. The mass of LiHCO, is 
the sum of the atomic masses of the atoms present, written in grams. Then multiply by 
100 to get the percent: 
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~% J; mass of Li 
aliz mass of LiHCO, X L00 


_ 6.939 g 
(6.939 +1.00797 + 12.01115+(15.9994x3)) g 


= 10.21% Li 


x 100 


644. 87.06% Ag 


First, write the formula for silver sulfide. The silver ion is Ag* and the sulfide ion is S*, 
so you need two positive silver ions to balance out the -2 charge of the sulfide ion; the 
formula is Ag,S. 


Next, divide the mass of 2 mol Ag by the mass of 1 mol Ag,S. The mass of Ag,S is the 
sum of the atomic masses of the atoms present, written in grams. Multiply the result 
by 100 to get the percent silver: 


mass of 2Ag 
mass of Ag,S 
(107.868 x2) g 


= x100 
((107.868 x 2) + 32.064) g 


= 87.06% Ag 


% Ag= x 100 


645. 34.59% Al, 61.53% O, and 3.88% H 


To find the mass percent of each element in aluminum hydroxide, first write the for- 
mula for the compound. The aluminum ion is Al** and the hydroxide ion is OH-, so you 
need three hydroxide ions to balance the +3 charge of the aluminum; therefore, the for- 
mula is Al(OH),. 


Next, find the mass percent of each element by taking the molar mass of each element 
(based on the number of atoms in the formula), dividing by the mass of the compound, 
and then multiplying by 100 to get the percent: 


mass of Al 
~ mass of Al(OH), saad 


_ 26.9815 g 
(26.9815 + (15.9994 x 3)+ (1.00797 x3)) g 


% n —__ mass of 30 
nR Esa Al(OH), none 


E (15.9994x3) g 
~ (26.9815 + (15.9994 x 3)+ (1.00797 x3)) g 


% H = — Mass of 3H 1 
mass of Al(OH), fe 


= eao x 100 = 3.88% H 
(26.9815 + (15.9994 x3)+(1.00797x3)) g 


Answers 
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x100 = 34.59% Al 


x100 = 61.53% O 
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646. 15.75% Zn, 61.13% I, and 23.12% O 


To find the mass percent of each element in zinc iodate, first write the formula for the 
compound. The formula comes from the Zn”* ion and the IO, ion. You need two nega- 
tively charged iodate ions to balance the +2 charge of the zinc ion, so the formula is 
Zn(10,),. 


To find the mass percent of each element, take the molar mass of each element (based 
on the number of atoms in the formula), divide by the molar mass of the compound, 
and then multiply by 100 to get the percent. 


9 ___ mass of Zn 
Oe ascot Zn(10;), “an 


65.37 g 
(65.37 +(126.9044x 2)+(15.9994x3x2)) g 


% | - — Mass of 2I 1 
mass of Zn(10;), ane 


(126.9044x 2) g 
(65.37+(126.9044x 2)+(15.9994x3x2)) g 


%O= mass of 60 100 
mass of Zn(10;), 


7 (15.9994x3x2) g 
~ (65.37 + (126.9044 x 2)+(15.9994x3x2)) g 


x 100 = 15.75% Zn 


x 100 = 61.13% I 


x 100 = 23.12% O 


647. —_N,0,, NO,,N,O,, NO, N,O 


In this problem, calculating the actual mass percent for each compound isn’t neces- 
sary because the compounds contain only nitrogen and oxygen (although you may still 
choose to calculate the values). Because only approximate values are necessary, you 
can simplify the calculations by rounding the molar masses to whole numbers, with 

14 g/mol for nitrogen and 16 g/mol for oxygen. 


For each compound, set up a ratio of the mass of nitrogen to the mass of the com- 
pound; then compare the ratios with a common numerator: 


no: -14 -1428 
~~" 14+16 30 60 
14 14 _ 28 


NO»: Tay (16x2) ` 46792 


.__14x2___ 28 
Nee (14x2)+16 44 


Answers 
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, 14x2 _ 28 
N2Os: (14x2)+(16x3) 76 
NOs: 14x2 28 


(14x2)+(16x5) 108 


Arranging the ratios from smallest to largest gives you 2 < a < 28 < a < 8, so the 
correct order is N,O,, NO,, N,0,, NO, N,O. 
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648. cH, CH, CaC,0,, K,CO,, CCI, 


Find the mass percent of carbon by taking the molar mass of carbon in each com- 
pound (based on the number of atoms in the formula), dividing that mass by the mass 
of the compound, and then multiplying the result by 100 to get the percent: 


ae OE OOE NAN 

o omne + (35.1534) * 100= 781% 

CoH: Avis E 4 ATS Qn ee 

K:C0;: E 1S 7 (TESIOINS) mes Oe 
12.0115 x2 


CaCO4! 40984 (1.01115 x 2)+(15.9994x4) VT 18.79% € 


Arranging the percentages from largest to smallest gives you 79.89% C > 74.87% C > 
18.75% C > 8.69% C > 7.81% C, so the correct order is C,H,, CH,, CaC,O,, K,CO,, CCL. 


649. —_X,S0,,K,SO,,K,S, KSCN, K,S,0, 


To find the mass percent of sulfur, take the molar mass of sulfur in each compound 
(based on the number of atoms in the formula), divide by the mass of the compound, 
and then multiply by 100 to get the percent: 


32.064 _ 9 
K2S: (39,102 x2) +32.064 * 100 = 28.08% S 
À 32.064 R 
Fonoi (39.1022) +32.064+(15.9994x3) » a rl 
. 32.064 EEE 
i (39.102x2)+32.064+(15.9994x4) ` ia 
K,S,03: 32.064 x 2 x100 = 33.69% S 


(39.102 x 2)+(32.064 x 2)+(15.9994 x 3) 


Answers 
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KSC 


, 32.064 eae 
N: 39-102 +32.064 + 12.01115 + 14,0067 * 100 = 32.99% S 


Arranging the percentages from smallest to largest gives you 18.40% S < 20.26% S < 
29.08% S < 32.99% S < 33.69% S, so the correct order is K,SO,, K,SO,, K,S, KSCN, K,S,O,. 


650. — 36.08% H,O 


To find the mass percent of water in the hydrate, take the mass of 1 mol of water 
(H,O), divide it by the mass 1 mol of the hydrated crystal (CuSO,-5H,O), and multiply 
by 100 to get the percent: 
(5x 1.00797 x 2)+(5x 15.9994) 
63.546 + 32.064 + (15.9994 x 4)+(5x 1.00797 x 2)+(5x 15.9994) 


x 100 = 36.08% H,O 
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651. 67.34% O 


When given the name of the compound, first write the formula. Sodium phosphate con- 
tains the sodium ion Na* and the phosphate ion PO,*-. To balance out the -3 charge on 
the phosphate ion, you need three sodium ions, so the first part of the formula is 
Na,PO,. 

The dodecahydrate part of the name represents the 12 water molecules in the hydrated 
crystal. Remember to insert the dot between the sodium phosphate part of the formula 
and the water part (Na,PO,-12H,O), but don’t treat it as a multiplication sign when cal- 
culating the molar mass of the hydrated crystal. Think of it more like sodium phos- 
phate plus 12 water molecules. 


Take the mass of the oxygen (accounting for the four oxygen atoms in the phosphate 
and the twelve oxygen atoms in the water), divide it by the mass of 1 mol of the com- 
pound, and multiply by 100 to get the percent: 
(15.9994 x 4) +(12 x 15.9994) 
(22.9898 x 3) + 30.9738 + (15.9994 x 4)+(12 x 1.00797 x 2)+(12 x 15.9994) 


= 67.34% O 


x 100 


652. cH, 


The empirical formula is the simplest whole-number ratio of atoms in a compound. Out 
of the formulas listed, only C,H,O, can’t be simplified. In each of the other compounds, 
the number of atoms in the formula is divisible by 2. 


653. cu, 


To find the empirical formula of a compound, you need to have counting units (or 
groupings) of each element, not the mass. If the question gives you the mass percent of 
each element, suppose that you have a 100.00-g sample such that 85.62% = 85.62 g. The 
first step for each element is to change the percent to grams. The second step is to 
convert grams to moles by dividing by the molar mass: 


I “7201115 g€ = MS mAL 


I “1.00797 gH 


Answers 
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=14.27 mol H 


Next, compare the number of moles of each element: Divide the moles of each element 
by the smaller number of moles to get a ratio. Here, divide by 7.128 mol: 
7.128 mol C _ 
7.128 mol 9E 


14.27 mol H _ 
7128 mol ~ 7-000 H 


You have two hydrogen atoms for every atom of carbon, so the empirical formula is 
CH,. 


654. œa, 


To find the empirical formula of a compound, you need to have counting units (or 
groupings) of each element, not the mass. This question gives you the mass in grams, 
so convert the grams to moles by dividing by the molar mass: 


10.06 g€ lImolC _ 
1 "polye Omeg 


0.84gH  1molH 
I *“1.00797gH~ 0.33 mol H 


89.09g€1 _1molCl 9513 mol Cl 


I 35.453 gel 


Next, compare the number of moles of each element: Divide the moles of each element 
by the smallest number of moles to get a ratio. Here, divide by 0.83 mol: 


0.8376 mol C _1 0C 


0.83 mol 
0.83 mol H _ 
083 mol 718 H 
2.513 mol Cl _ 
0.83mol 720C 


You have three chlorine atoms for every carbon and hydrogen atom, so the empirical 
formula for the compound is CHCI.. 


655. Feco, 


To find the empirical formula of a compound, you need to have counting units (or 
groupings) of each element, not the mass. This question gives you the mass in grams, 
so convert the grams to moles by dividing by the molar masses: 


1.4066 Fé 1 mol Fe_ _ 0.025187 mol Fe 


1 55.847 g Fé 
13096 gef = imolCr _ 

Ī x 51.996 gef = 0.025187 mol Cr 
1.6118 gØ lmolO _ 

I x 15.9994 g0 = 0.10074 mol O 


Next, compare the number of moles of each element: Divide the moles of each element 
by the smallest number of moles to get a ratio. Here, divide by 0.025187 mol: 


0.025187 mol Fe _ 1 0000 Fe 


0.025187 mol 
0.025187 mol Cr _ 

0.025187 mol ~ +2000 Cr 
0.10074 mol O _ 

0.025187 mol ~ 79997 O 


You have four oxygen atoms for every atom of iron and chromium, so the empirical 
formula for the compound is FeCrO,. 
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656. caso, 


First, determine the mass of the anhydrous salt. If the 100.00-g sample includes 18.73 g 
of water, then the anhydrous salt has a mass of 100.00 g - 18.73 g = 81.27 g. 


To find the number of grams of oxygen, subtract the mass of the cadmium and sulfur 
from the mass of the anhydrous salt: 81.27 g - (43.82 g + 12.50 g) = 24.95 g O. Use these 
numbers to find the empirical formula. First, change the masses to moles by dividing 
by the molar mass of each element: 


43.82 g€d | _1molCd__ 0.3899 mol Cd 


1 112.40 ged 
12.5085  1molS _ 
I x 32.064 g5 = 0.3898 mol S 


24.95 gO ImolO _ 
I *15.9994g0 ` 1.559 mol O 


Then compare the number of moles of each element: Divide the moles of each element 
by the smallest number of moles to get a ratio. Here, divide by 0.3898 mol: 
0.3899 mol Cd _ 
0.3898 mol 1-000 Cd 


0.3898 mol S _ 
0.3898 mol ~ 1000 S 


1.559 mol O _ 
0.3898 mol ~ 0999 O 


You have four oxygen atoms for every atom of cadmium and sulfur, so the anhydrous 
salt is CdSO,. 


65 7. II only 


The empirical formula is the lowest whole-number ratio of the each kind of atom in the 
compound. CH, and C,H, can’t be reduced, but you can reduce C,H, to CH. 


65 8. II and III 


The empirical formula is the lowest whole-number ratio of the each kind of atom in the 
compound. CO, can’t be reduced, but you can reduce C,H,, to CH, and reduce C,H,,0, 
to CH,O. 


Answers 
601-700 


659. =H, 


To find the molecular formula given the empirical formula and the molar mass of the 
molecular formula, find the ratio of the molecular formula to the empirical formula. 
Divide the molar mass of the molecular formula by the molar mass of the empirical 
formula: 


78.11 g/mol z 
(12.0115 + 1.00797 ) g/mol ~ 


Use that number to scale the empirical formula: 6 x CH = C,H- 


660. 


661. 
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C,H 140N; 


To find the empirical formula of a compound, you need to have counting units (or 
groupings) of each element, not the mass. If the question gives you the mass percent of 
each element as this question does, suppose you have a 100.00-g sample, such that 
41.37% = 41.37 g. The first step for each element is to change the percent to grams. The 
second step for each element is to convert grams to moles by dividing by the molar 
mass: 


41.37 g€ lmolC _ 
I *Taoisge Ame 


8.10gH  1molH _ 
i “To0nTeH Oe 


18.39 gO lmolO _ 
I x 15.9994 g0 =1.149 mol O 


32.16 gN lmolN _ 
I 74.0067 gN 77% mol N 


Next, compare the number of moles of each element. Divide the moles of each element 
by the smallest number of moles to get a ratio. Here, divide by 1.149 mol: 

‘the 207 c 

‘gat nm 

1449 010 «1.9990 


2.296 mol N _ 
1.149 mol ~ 1.998 N 


The ratios tell you that the empirical formula of the compound is C,H,ON,,. To find the 
molecular formula, take the given molar mass and divide it by the molecular mass of 
the empirical formula: 


174.20 g/mol 
=1.997 
((12.01115 x3) +(1.00797 x7) +15.9994 + (14.0067 x 2)) g/mol 


Answers 
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The molecular formula is twice as big as the empirical formula, so the molecular for- 


mula for the compound is C,H,,0.N,. 


C,H,O,NI, and C,H,O,NI, 


To find the empirical formula of a compound, you need to have counting units (or 
groupings) of each element, not the mass. When a question gives you the mass percent 
of each element, suppose you have a 100.00-g sample, such that 23.25% = 23.25 g. The 
first step for each element is the change the percent to grams. The second step for 
each element is to convert grams to moles by dividing by the molar mass. To find the 
amount of iodine, subtract the masses of the other elements from 100.0 g before con- 
verting to moles. 
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23.25 g€ lImolC _ 
I Dne PORE 


195g _1molH 
1 1.00797 gH 


17.20 gO 1 molO 
1 “Teanga "e mol O 


3.01gN _1molN 
1 14.0067 gN 


(100.00 23.25-1.95-17.20-3.01)gf 1 moll 
I 126.9044 gf 


= 1.93 mol H 


= 0.215 mol N 


= 0.4302 mol I 


Next, compare the number of moles of each element. Divide the moles of each element 
by the smallest number of moles to get a ratio. Here, divide by 0.215 mol: 
{E200 
LEAP 500 
npg 10 


0.4302 moll _ 
0.215 mol ~ 2.001 


Therefore, the empirical formula of the compound is C,H,O,NI,. To find the molecular 
formula, take the given molar mass and divide it by the molar mass of the empirical 
formula: 


eed a = 1.000 
((12.01115 x 9)+(1.00797 x9) +(15.9994 x5) + 14.0067 + (126.9044 2)) g/mol ` 


This means that the molecular formula is the same as the empirical formula, C,H,O,NI.. 


662. 0.171 mol NaCl 


Answers 
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To find the number of moles when given the number of grams, divide the given mass 
by the molar mass of the compound and then round to the correct number of signifi- 
cant figures: 


10.0 g NaCI 1 mol NaCl 
I (22.9898 + 35.453) g NaCI 


= 0.171 mol NaCl 


663. 0.361 mol BH, 


To find the number of moles when given the number of grams, divide the given mass 
by the molar mass of the compound and then round to the correct number of signifi- 
cant figures: 


5.00 g BH5 1 mol BH; = 0.361 mol BH; 
I (10.811+ (1.00797 x3)) g BH; 


664. 


665. 


666. 


667. 


668. 


2.59 mol Na,CO, 


To find the number of moles when given the number of grams, divide the given mass 
by the molar mass of the compound and round to the correct number of significant 
figures: 


275 g Nas€O5 


1 


1 mol Na,CO, 
(( 22.9898 x 2) +12.01115 +(15.9994 x3)) g Nas€Oy 


= 2.59 mol Na,CO, 


x 


11.4 mol NH,OH 


To find the number of moles when given the number of grams, divide the given mass 
by the molar mass of the compound and round to the correct number of significant 


figures: 
400. g NH,6H E 1 mol NH,OH 
1 (14.0067 + (1.00797 x 4) + 15.9994 + 1.00797) g NH;OH 
= 11.4 mol NH,OH 
0.63 mol KMnO, 


To find the number of moles when given the number of grams, divide the given mass 
by the molar mass of the compound and round to the correct number of significant 
figures: 


Bg EMO, ,__lmol KMnO,____ 9.3 mol KMn0, 
1 (39.102 +54.9380 + (15.9994 x 4)) g KMnO;, 


3.65 mol BeS 


First, write the formula for beryllium sulfide. The beryllium ion is Be”, and the sulfide 
ion is S^. The +2 charge on the beryllium ion cancels out the -2 charge on the sulfide 
ion, so the formula is BeS. 


To find the number of moles when given the number of grams, divide the given mass 
by the molar mass of the compound and round to the correct number of significant 
figures: 


150. g BeS ees 
1  *(9,0122+32.064)gBes ~ °° mol Bes 


0.245 mol Al,O, 


First, write the formula for aluminum oxide. The aluminum ion is Al**, and the oxide ion 


is O%. You need two +3 charged aluminum ions to balance out the three -2 charged 
oxygen ions, so the formula is Al,O,. 


To find the number of moles when given the number of grams, divide the given mass 
by the molar mass of the compound and round to the correct number of significant 
figures: 
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Answers 
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25.0 g AkO; 7 1 mol Al,O, 
1 ((26.9815 x 2)+ (15.9994 x3)) g AbOy 


= 0.245 mol Al,O, 


1.17 mol CCl, 


First, write the formula for carbon tetrachloride. The prefix fetra- indicates that there 
are four chlorine atoms in the formula, and the lack of a prefix on the carbon means 
that there’s only one carbon atom, so the formula is CCl). 


Next, to find the number of moles when given the number of grams, divide the given 
mass by the molar mass of the compound and round to the correct number of signifi- 
cant figures: 


180. g Ce 1 mol CCl, 
1 (12.01115 +(35.453 x 4)) g Cer, 


=1.17 mol CCl, 


1.76 mol Ca,P, 


First, write the formula for calcium phosphide. The calcium ion is Ca?*, and the phos- 
phide ion is P*%. You need three +2 charged calcium ions to cancel out the two -3 
charged phosphorus ions, so the formula is Ca,P.,. 


Next, to find the number of moles when given the number of grams, divide the given 
mass by the molar mass of the compound and round to the correct number of signifi- 
cant figures: 


320. g CaP; <i 1 mol Ca,P, 
1 ((40.08 x 3) + (30.9738 x 2)) g CasP; 


= 1.76 mol Ca,P, 


0.00648 mol Mg(MnO,), 


First, write the formula for magnesium permanganate. The magnesium ion is Mg?*, and 
the permanganate ion is MnO, . You need two -1 charged permanganate ions to cancel 
out the +2 charged magnesium ion, so the formula is Mg(MnO,),. 


Next, to find the number of moles when given the number of grams, divide the given 
mass by the molar mass of the compound and round to the correct number of signifi- 
cant figures: 


1.70 g Mg(Mn0;), 1 mol Mg(MnO,), 
1 (24.305 + (54.9380 x 2)+ (15.9994x 8)) g M ; 
= 0.00648 mol Mg(MnO,), 


377 g FeO 


To find the number of grams when given the number of moles, multiply the given 
number of moles by the molar mass of the compound and round to the correct number 
of significant figures: 

5.25 moH*eO _ (55.847 + 15.9994) g FeO 


I x i =e) = 377 g FeO 


673. 


674. 


675. 


676. 


677. 


101 gS,Cl, 


To find the number of grams when given the number of moles, multiply the given 
number of moles by the molar mass of the compound and round to the correct number 
of significant figures: 


0.750 mol $€T, ((32.064x 2) +(35.453x2))g S,Cl, 
I 


1 mol$;5€T, 


=101 g S,Cl; 


16,600 g KI 


To find the number of grams when given the number of moles, multiply the given 
number of moles by the molar mass of the compound and round to the correct number 
of significant figures: 
100. met KT ` (39.102 +126.9044)g KI 
1 lmetKT 


= 16,600 g KI 


4,230 g CaCO, 


To find the number of grams when given the number of moles, multiply the given 
number of moles by the molar mass of the compound and round to the correct number 
of significant figures: 


42.3molCa€O; (40.08 + 12.01115+ (15.9994 x 3))g CaCO, 
I 


Imoal Ca€O; 


= 4,230 g CaCO, 


1,700 g AINO}, 


To find the mass of given substance when given the number of moles, multiply the 
given number of moles by the molar mass of the compound and round to the correct 
number of significant figures: 


7.9 mol 3), _ (26.9815 + (14.0067 x 3)+(15.9994x3x3))g AI(NO;), 
x 


Imol AKNOS), 


= 1,700 g Al(NO;), 


50. g Pb(NO,), 


First, write the formula for lead(I) nitrate. The lead(1D ion is Pb”, and the nitrate ion is 
NO, . You need two -1 charged nitrate ions to cancel out the +2 charged lead ion, so 
the formula is Pb(NO,),. 


Next, to find the number of grams when given the number of moles, multiply the given 
number of moles by the molar mass of the compound and round to the correct number 
of significant figures: 


0.15 mol zJ, _ (207.19 + (14.0067 x 2) + (15.9994 3x 2))g Pb(NO), 
x 


1 1mol 3 


=50. g Pb(NO;), 


2 
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678.  3,400gP,0, 


First, write the formula for tetraphosphorus decoxide. The prefix tetra- indicates that 
there are four phosphorus atoms in the formula, and the prefix dec(a)- on the oxide 
means that there are ten oxygen atoms, so the formula is P,O,,. 


Next, to find the number of grams when given the number of moles, multiply the given 
number of moles by the molar mass of the compound and round to the correct number 
of significant figures: 


12 mol POT ((30.9728 x 4)+(15.9994x10))g P4010 
1 


1m 4V 10 


= 3,400 g P,O 


679.  36gcu,0 


First, write the formula for copper) oxide. The copper(I) ion is Cu*, and the oxide ion 
is O%. You need two +1 charged copper ions to cancel out the -2 charged oxygen ion, 
so the formula is Cu,O. 


Next, to find the number of grams when given the number of moles, multiply the given 
number of moles by the molar mass of the compound and round to the correct number 
of significant figures. 
0.25 moleux0 ((63.546 x 2) + 15.9994 )g Cu,O 
1 1mol€u;0 


= 36 g Cu,O 


680. 24.6 kg Zn(OH), 


First, write the formula for zinc hydroxide. The zinc ion is Zn?*, and the hydroxide ion 
is OH. You need two -1 charged hydroxide ions to cancel out the +2 charged zinc ion, 
so the formula is Zn(OH).. 


Next, to find the number of kilograms when given the number of moles, multiply the 
given number of moles by the molar mass of the compound, convert to kilograms, and 
round to the correct number of significant figures: 


248 mol , _ (65.37 + (15.9994 x 2) +(1.00797 x 2)) g Zn(OH), 
I x 


1 mol Zn(OH), 


Answers 
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1kg 


*1000 g 


=24.6 kg Zn(OH), 


681. 48.5 kg (NH),SO, 


First, write the formula for ammonium sulfate. The ammonium ion is NH,*, and the sul- 
fate ion is SO,?-. You need two +1 charged ammonium ions to cancel out the -2 charged 
sulfate ion, so the formula is (NH,),SO,. 


Next, to find the number of kilograms when given the number of moles, multiply the 
given number of moles by the molar mass of the compound, convert to kilograms, and 
round to the correct number of significant figures: 


682. 


683. 


684. 


685. 
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367 mol(NH;);S0, 
I 
(14.0067 x 2) + (1.00797 x 4x2) +32.064-+ (15.9994 4))¢ (NHs), 80, 
1mol 1); 504 
x1 K8__ 48.5 kg (NH,),SO 
L00 g > 4)a994 


3.76 x 1022 atoms of He 


To find the number of atoms in a given the mass of a substance, first divide the given 
mass by the molar mass to get moles. Then multiply the result by Avogadro’s number of 
atoms in a mole. Finally, round the answer to the correct number of significant figures. 


0.250 g He lmelHe 6.022 x 102 atoms He ss 
1 " 4.0026 g He x ImotHe = 3.76x10™ atoms of He 


6.7 x 1023 atoms of Al 


To find the number of atoms in a given the mass of a substance, first divide the given 
mass by the molar mass to get moles. Then multiply the result by Avogadro’s number of 
atoms in a mole. Finally, round the answer to the correct number of significant figures. 


30.gAT  ImerAT  6.022x10” atoms Al _ : 
1 * 26.9815 gAl ” ImoFAÍ =6.7x10™ atoms of Al 


2.74 x 104 molecules of CO, 


Before starting the math on this question, be sure to write the formula for carbon diox- 
ide: CO,. 

To find the number of molecules in a given the mass of a substance, divide the given 
mass by the molar mass to get moles. Then multiply the result by Avogadro’s number 
of molecules in a mole. Finally, round the answer to the correct number of significant 
figures. 


200. g C0; r 1mo4€0; „6:022 x 10” molecules CO, 
1 (12.01115 +(15.9994 x 2)) g CO; 1mol€O, 


= 2.74x10™ molecules of CO, 


Answers 
601-700 


3.3 x 10° molecules of N,O, 


First, write the formula for dinitrogen trioxide. The di- prefix on the nitrogen indicates 
that there are two nitrogen atoms in the formula, and the prefix tetr(a)- on the oxide 
tells you that there are four atoms of oxygen, so the formula is N,O,. 


To find the number of molecules in a given the mass of a substance, first divide the 
given mass by the molar mass to get moles. Then multiply the result by Avogadro’s 
number of molecules in a mole. Finally, round answer to the correct number of signifi- 
cant figures. 
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0.050 g N07, x 1molN50;, „ 6-022 x10” molecules N,O, 
1 ((14.0067 x 2) +(15.9994x 4)) g N07 1 mol N50; 


=3.3x10” molecules of N,O, 
68 6. 4.70 x 1074 atoms of S 


In this question, you need to take into account that there are eight atoms of sulfur ina 
molecule of S,, which will add one step to the end of the problem. First divide the given 
mass of S; by the molar mass of S, to get the moles of S,. Then multiply the result by 
Avogadro’s number of molecules in a mole. Finally, use the ratio of atoms of S in a mol- 
ecule of S, to get your answer, rounding to the correct number of significant figures. 


250. g5% % lmotS; x 6.022 x 10” molecules S5 7 8 atoms S 
I (32.064x8) g5% 1mos; 1 moleente Sg 


= 4.70 x10” atoms of S 


687. 25x10 gBr, 


To find the mass in grams of a given number of molecules of a substance, first divide 
the given number of molecules by Avogadro’s number of molecules in a mole. Then 
multiply the result by the molar mass of the substance. Finally, round the answer to 
the correct number of significant figures. 


9.5x10” molecules Br, < 1molBr, „ 419-904 x2) g Bry 
1 6.022 x 10” molecules Br, 1moHBf, 


=2.5x10° g Br, 
688. 8.095 x 10- g Ni 


To find the mass in grams of a given number of atoms of a substance, first divide the 
given number of atoms by Avogadro’s number of atoms in a mole. Then multiply the 
result by the molar mass of the substance. Finally, round your answer to the correct 
number of significant figures. 


8.306 x 10” atoms Ni lmetNi 58.69 g Ni 
I 


kao = X motni = 8.095 x10" g Ni 


Answers 
601-700 


689. 8.98 x 10'gC,H,,0, 


To find the mass in grams of a given number of molecules of a substance, first divide 
the given number of molecules by Avogadro’s number of molecules in a mole. Then 
multiply the result by the molar mass of the substance. Finally, round your answer to 
the correct number of significant figures. 


3.00 x 10” molecules-€;H 0, 7 1m 1206 
I 6.022 x 10” molecules-€7H{,0 5 


((12.01115 x6) +(1.00797 x 12) + (15.9994 x6)) g CgHi0¢ 


lm 12V 6 


x = 89.8 g C,H,,0, 


690. 


691. 


692. 


693. 


694. 
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9.0 x 10- g Kr 


Krypton is a noble gas, so it’s made up of single atoms, not diatomic molecules. To find 
the mass in grams of a given number of atoms of a substance, first divide the given 
number of atoms by Avogadro’s number of atoms in a mole. Then multiply the result 
by the molar mass of the substance. Finally, round your answer to the correct number 
of significant figures. 


65,000,000 atoms KT 1 metkr 83.80 g Kr 


=9.0x10 g K 
i <x momi. Imik g 


1.7 x 10! g AuF, 


Before starting the math on this question, write the formula for gold(lIN fluoride. The 
gold(III ion is Au**, and the fluoride ion is F-, so the formula is AuF,. 


To find the number of grams in a given number of formula units of a substance, first 
divide the given number of formula units by Avogadro’s number of formula units ina 
mole. Then multiply the result by the molar mass of the substance. Finally, round the 
answer to the correct number of significant figures. 


4.0x 10” formula-units AUF, x 1 molAuF; 
1 6.022 x10” formula units AUF; 
(196.967 +(18.9984x3)) g AuF, 
x 


1 mol AuF; 


=17 g AuF, 


10.0 mol NH, 
To find the moles of ammonia produced, use the mole ratio from the balanced equa- 


tion. For every mole of nitrogen gas consumed, 2 mol of ammonia are made. 


5.00 molt, x 2 mol NH, =10.0 mol NH, 
I 1molN; 


8.00 mol NH, 


Answers 
601-700 


To find the moles of ammonia produced, use the mole ratio from the balanced equa- 
tion. For every 3 mol of hydrogen gas consumed, 2 mol of ammonia are made. 


12.0moKH, — 2molNH, _ 
I x 3molH, = 8.00 mol NH, 


12.0 mol N, 


To find the moles of nitrogen gas that would be necessary to make 24.0 mol of ammo- 
nia, use the mole ratio from the balanced equation. For every 2 mol of ammonia pro- 
duced, 1 mol of nitrogen gas is consumed. 


24.0molNH;  1molN: _ 159 mol N, 
I 2 mol NH, 
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6 95. 54.0 mol H, 


To find the moles of hydrogen gas that would be necessary to make 36.0 mol of ammo- 
nia, use the mole ratio from the balanced equation. For every 2 mole of ammonia pro- 
duced, 3 mol of hydrogen gas are consumed: 


36.0 mol NH; „3 mol H, 
I 


2 mol NH; 


= 54.0 mol H, 


696. 9.00 mol CO, and 12.0 mol H,O 


To find the moles of each product produced, you need to complete two separate calcu- 
lations using the mole ratio from the balanced equation. To find the moles of CO,, note 
that there are 3 mol of CO, produced for every mole of C,H, combusted: 


3.00 mol €sH, , 3 mol CO, 
1 1mol €zH; 


To find the moles of H,O, note that there are 4 mol of H,O produced for every mole of 
C,H, combusted: 


3.00 mol€sH, | 4 mol H,O 
I 


ImoL€sH, 


= 9.00 mol CO, 


=12.0 mol H,O 


697. 3.0 x 10° g KCI 


To find the mass of a substance when given the mass of a different substance in the 
same reaction, complete the following conversions: 


g given —> mol given — mol desired substance — g desired substance 


To change from grams to moles of the given substance, divide by the molar mass. To 
get from moles of the given substance to moles of the desired substance, use the coef- 
ficients from the balanced reaction to form a mole ratio. And to get the mass of the 


Answers 


S desired substance, multiply the moles of the desired substance by the molar mass of 
a the desired substance. Tip: To avoid rounding errors, complete all the calculations on 
2 your calculator and round the final answer to the correct number of significant figures. 


5.0 KEIO; 1 mol Ke0; „2 moc 

1 (39.102 +35.453 + (15.9994 x 3)) g K&107 2 mol KEIO, 

(39.102 +35.453) g KCI 
lmelKCI 


=3.0 g KCl 


698. 2.0 gO, 


To find the mass of a substance when given the mass of a different substance in the 
same reaction, complete the following conversions: 


g given —> mol given > mol desired substance —> g desired substance 


699. 


700. 


701. 
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To change from grams of the given substance to moles, divide by the molar mass. To 
get from moles of the given substance to moles of the desired substance, use the coef- 
ficients from the balanced reaction to form a mole ratio. To get the mass of the desired 
substance, multiply the moles of the desired substance by the molar mass of the 
desired substance. 


5.0 g KEIO; lmol K&O; 3m0; 
1 (39.102 + 35.453 +(15.9994x3)) g KEIO, 2mol KEIO; 

4 (15.9994 x2) gO» 
1m0; 


=2.0g0, 


27.0 g CaCO, 


To find the mass of a substance when given the mass of a different substance in the 
same reaction, complete the following conversions: 


g given > mol given —> mol desired substance —> g desired substance 


To change from grams of the given substance to moles, divide by the molar mass. To 
get from moles of the given substance to moles of the desired substance, use the coef- 
ficients from the balanced reaction to form a mole ratio. To get the mass of the desired 
substance, multiply the moles of the desired substance by the molar mass of the 
desired substance. 


20.0 g Ca(OH), 1mol CatOH), 
1 (40.08 + (15.9994 x 2)+(1.00797x2)) gC 


40.08 +12.01115+(15.9994x3)) g CaCO 
„molca€o; ( ( jaca 2 97.0 g CaCO; 
mol CatOH), 1mol Ca€O;, 


2 


117 g NaCl 


To find the mass of a substance when given the mass of a different substance in the 
same reaction, complete the following conversions: 


g given — mol given > mol desired substance — g desired substance 


To change from grams of the given substance to moles, divide by the molar mass. To 
get from moles of the given substance to moles of the desired substance, use the coef- 
ficients from the balanced reaction to form a mole ratio. To get the mass of the desired 
substance, multiply the moles of the desired substance by the molar mass of the 


ee 
desired substance. 20 
80.0 g NaOH lmol NaOH ,_ ImolNacl ss 
I (22.9898 + 15.9994+1.00797) g NaOH ~ ImolNaOH 
(22.9898 + 35.453) g NaCl 
x ; i =117 g NaCl 


4.6 g Ag,PO, 


First, you need a balanced chemical equation from the formulas. Potassium phosphate 
consists of three K* and one PO,°-. Silver nitrate consists of one Ag* and one NO, . 
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Potassium nitrate consists of one K* and one NO, . Silver phosphate consists of three 
Ag’ and one PO,°-. Putting all these together gives you the following reaction: 


KPO, + AgNO; > KNO, + Ag;PO, 
To balance this reaction, the potassium and silver atoms need to be evened out, so 
multiply the silver nitrate and the potassium nitrate by 3: 

K,PO,+3AgNO, > 3KNO, + Ag,PO, 
To find the mass of silver phosphate, first divide the given mass of silver nitrate by its 
molar mass. To get from moles of silver nitrate to the moles of silver phosphate, use 


the coefficients from the balanced reaction to form a mole ratio. To get the mass of 
silver phosphate, multiply the moles of the silver phosphate by its molar mass. 


5.6 g AgNO; ” 1mol AgNO; ` ImolAg;PO, 
1 (107.968 + 14.0067 + (15.9994 x3))g AgNO, 3mol AgNO; 


((107.9688 x 3) + 30.9738 + (15.9994 x 4))g Ag,PO, 
x 
ImolAg;PO, 


= 4.6 g Ag3;PO, 


702. 8.20 g NaOH 


First, you need a balanced chemical equation from the formulas. Sodium hydroxide 
consists of one Na‘ and one OH-. Copper(II) sulfate consists of one Cu™ and one SO,”. 
Copper(ID hydroxide consists of one Cu% and two OH-. Sodium sulfate consists of two 
Na‘ and one SO,”. Putting all these together gives you the following equation: 


NaOH + CuSO, —> Cu(OH), +Na,SO, 


To balance this equation, you need two sodium ions and two hydroxide ions on the 
reactants side, so multiply the NaOH by 2: 


2NaOH + CuSO, —> Cu( OH), +Na,SO, 


Now that you have the formula, you can find the number of grams of NaOH that would 
be necessary to make 10.0 g of Cu(OH),. Start by dividing the given mass of Cu(OH), by 
its molar mass. Then use the mole ratio from the balanced equation to get the number of 
moles of NaOH. Last, convert the moles of NaOH to grams of NaOH by multiplying by the 
molar mass of NaOH. 


10.0 g CuteH), 1mol CHOH), 


x 
1 (63.546 + (15.9994 x 2)+(1.00797x2))g C é 
2molNaOH _ (22.9898+15.9994 + 1.00797) g NaOH 
= 8.20 g NaOH 
"Imal j imol NaOH dai 


Answers 
701-800 


2 


703. 66.8 g Zn 


This equation is incomplete, so the first thing you need to do is determine what type of 
reaction it is. A single element is reacting with a compound, so this is a single displacement 


reaction: The Zn will displace the H in the HCl. Remember that hydrogen gas is diatomic. 
Zinc as an ion is Zn", so it will take two negatively charged chlorine ions to make the com- 
pound neutral: 


Zn+HCl— ZnCl, +H, 


To balance the equation, multiply the HCl on the reactants side by 2: 
Zn +2HCl —> ZnCl, +H, 


To find the number of grams of Zn from the HCI, first take the number of grams of HCl 
and divide by HCl’s molar mass. Then use the mole ratio from the balanced equation 
to find the number of moles of Zn. Next, convert the moles of Zn to grams of Zn by mul- 
tiplying by the molar mass of Zn. 


74.5 gHCI lmeHICl , lnelZi_ 65.37 g Zn 
I (1.00797 + 35.453) g HCI 2morHCI ~~ ImetZn 


= 66.8 g Zn 


430 g KNO, 


The identities of the products are given in the question, so complete the equation with 
the formulas. You need three +2 charged calcium ions to balance out two -3 charged 
phosphate ions, and you need one positively charged potassium ion to balance out the 
one negatively charged nitrate ion: 


Ca(NO,;), +K;PO,— Ca;(PO,), +KNO; 
This equation is unbalanced, so start with balancing the calcium ions by multiplying 
the Ca(NO,), by 3: 

3Ca(NO;), +K;PO, > Ca; (PO, ), +KNO; 


Next, balance the nitrate ions by multiplying the KNO, by 6: 
3Ca(NO; ), +K,PO, > Ca; (PO,), +6KNO, 


Now you can finish balancing the potassium by multiplying the K,PO, by 2: 
3Ca(NO;), +2K;PO, — Ca;(PO,), +6KNO; 


To find the number of grams of potassium nitrate (KNO,) that would be produced 
along with 220 g of calcium phosphate (Ca,(PO,),), start by dividing 220 g of Ca,(PO,), 
by its molar mass. Next, use the mole ratio from the balanced equation to find the 
moles of KNO, needed. Then multiply the number of moles of KNO, by the molar mass 
of KNO.. 


220 g Ca(PO; | 1mol CartPO7], 
1 


((40.08x3)+(30.9738 x 2)+(15.9994x4x2))g C J 
6molKNO; _ (39.102 +14.0067 + (15.9994x3))g KNO, 
= 430 g KNO 
” Tmol 4) i 1 mol KNO, 5 ' 
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Answers 
701-800 
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705. — 0.15 g BaCl, and 0.21 g K,Cr,0, 


To work this problem, the first thing you need is a complete, balanced equation. 
Determine the formulas from the names, determine the type of reaction so you can 
predict the products, and then balance the equation. 


Barium chloride comes from the combination of barium ions, Ba2*, and chloride ions, 
Cl. Potassium dichromate comes from the combination of potassium ions, K*, and 
dichromate ions, Cr,O0,”. This gives you 


BaCl, +K,Cr,0, > 
The reactants are a pair of ionic compounds that can switch partners, so this is a 


double displacement reaction. Therefore, the products are barium dichromate and 
potassium chloride: 


BaCl, +K,Cr,0; > BaCr,0; + KCI 
Balancing this equation requires making the number of chlorine and potassium atoms 
equal on each side. Simply multiply the KCI on the products side of the reaction by 2: 
BaCl, +K,Cr,0; > BaCr,O,; + 2KCl 


Now calculate the number of grams of BaCl, and K,Cr,0, needed. You need to do the 
following conversions: 


g given —> mol given > mol desired substance —> g desired substance 


To change from grams to moles of barium dichromate, divide by the molar mass. To 
get from moles of barium dichromate to moles of the reactants, use the coefficients 
from the balanced reaction to form a mole ratio. To get the mass of the desired sub- 
stance, multiply the moles of the desired substance by the molar mass of the desired 
substance. 


0.25 g Ba€rz07 1mol Ba€r;O; ,,_imolBatT, 
1 (137.34 +(51.996 x 2)+ (15.9994 x7)) g BaCr;0; 1molBa€r;0;, 

(137.34 +(35.453x2)) g BaCl, 

1 mol Ba€T, 

0.25 g Ba€rs0; 1mol Ba€r;0; ,, mol Ks€r;07 
1 (137.34 + (51.996 x2)+(15.9994x7)) g Ba€r;O; 1mol Ba€r;0; 

((39.102 x 2) +(51.996 x 2)x(15.9994x7)) g K,Cr,0, 

x 


1molK;€r;O; 


x 


= 0.15 g BaCl, 


= 0.21 g K,Cr,0, 


Answers 
701-800 


706. 167 g AIBr, 


First, complete and balance the equation. There’s only one product, so this is a synthe- 
sis (combination) reaction. Aluminum as an ion has a charge of +3, and the bromine 
ion has a charge of -1, so you need three bromine ions to balance out the +3 charge of 
the aluminum ion. The formula is AIBr,. Here’s the unbalanced equation: 


Al+ Br, > AIBr; 
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To balance this equation, you need the lowest common multiple of 2 and 3, which 
is 6, to balance the bromine atoms. Multiply the Br, on the reactants side by 3, and 
multiply the AIBr, on the product side by 2: 


Al+3Br, > 2AIBr, 


Then you can balance the aluminum atoms by multiplying the Al on the left by 2: 
2Al+ 3Br, > 2AlBr; 


Now find the maximum amount of aluminum bromide that can form if all of each reac- 
tant is used up. You need to do the following conversions: 


g given — mol given > mol desired substance —> g desired substance 


To change from grams of a given substance to moles of that substance, divide by the 
molar mass. To get from moles of the given substance to moles of the desired sub- 
stance, use the coefficients from the balanced reaction to form a mole ratio. To get the 
mass of the desired substance, multiply the moles of the desired substance by the 
molar mass of the desired substance. 


50.0gAl  ImetAl 2molAtBr, (26.9815+(79.904x3))g AIBr, 


1 i 26.9815 g AT 3 2 metAT i lm f; =494 g AlBr 
150.gB; LmolBi  2molAtBT; (26.9815+(79.904x3))g AIBr, 

1  *(79.904x2)gB ~ 3molBr ImolABA 
=167 g AIBr, 


If 50.0 g Al can make 494 g AlBr, but 150. g Br, can make only 167 g AlBr,, then the maxi- 
mum amount that can be made with the reactants provided is the smaller number, 167 g. 


707. 2.01 x 10% molecules of O, 


First, balance the equation. To balance the oxygen atoms, you need the lowest common 
multiple of 2 and 5, which is 10. So multiply the P,O, by 2 and multiply the O, by 5: 


P+50, > 2P,0; 


Next, balance the atoms of phosphorus by multiplying the P on the reactants side by 4: 
4P +50, > 2P,0; 
To find how many molecules of O, you need, start with the given number of P,O, and 


divide by Avogadro’s number of molecules in a mole to get moles of P,O,. Next, use the 
mole ratio to get moles of O,. Then multiply by Avogadro’s number of molecules in a 


© 

mole to get the molecules of O,. SS 
l 

8.02 x 10” molecules P;05 | 1molP;05 : 5 molO;, = 

I 6.02240 moleculesP;0, | 2molP;0; B 


6.02240 molecules O, 
1m0; 


x 


=2.01x10” molecules O, 
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708. 8.45 x 10?! molecules of H,O 


This equation is already balanced, so you can start the math part of the problem. To 
find the number of molecules of H,O needed, start with the given number of HNO, mol- 
ecules and divide by Avogadro’s number of molecules in a mole to get moles of HNO,. 
Then use the mole ratio to get moles of H,O. Multiply by Avogadro’s number of mole- 
cules in a mole to get the molecules of H,O. 


1.69 x 10” molecules HNO; l1molL HNO, x 2 molH;0 

1 6.022102) molecules HNO, 4 mol HNO, 

6022x402 molecules H,O 
1moHt;0 


709. 3.16 x 107! molecules of BaSO, 


x = 8.45x107 molecules H,O 


First, write and balance the equation for this reaction. Barium sulfite contains barium 
ions, Ba*, and sulfite ions, SO,%, which gives you a formula of BaSO,. Barium sulfide 
contains barium ions, Ba?*, and sulfide ions, S*-, which gives you a formula of BaS. 
Sulfur dioxide contains one sulfur atom and two oxygen atoms, so the formula is SO,. 
Here’s the reaction: 


BaSO; — BaS + SO, 


This just happens to be balanced, so on to the calculations! To find the number of mol- 
ecules of BaSO, needed, start with the given number of SO, molecules and divide by 
Avogadro’s number of molecules in a mole to get moles of SO,. Then use the mole ratio 
to get moles of BaSO,. Multiply by Avogadro’s number of molecules in a mole to get the 
molecules of BaSO,,. 


3.1610"! molecules SO, | 1 mol SO, 1 mol BaSO;, 
1 6.02210" molecules $O, 1 molSO, 
6.022102) molecules BaSO, 
lmol BaSO;, 


7 1 0. 2.64 x 104 molecules of I, 


x = 3.1610”! molecules BaSO, 


First, write and balance the equation for this reaction. Iodine and chlorine gases are 
diatomic, so the reactants are I, and Cl,. lodine monochloride has one iodine atom and 
one chlorine atom, for the formula ICI. Here’s the equation: 


L(g) + Cla(g) > ICI(g) 


This equation isn’t balanced, but to balance it, you only need to put a 2 in front of 
the ICI: 


L(g) + Cl,(g)— 2ICl(g) 


To find the number of molecules of iodine needed, start with the given number of ICI 
molecules and divide by Avogadro’s number of molecules in a mole to get moles of ICI. 


Answers 
701-800 
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Then use the mole ratio to get moles of iodine. Multiply by Avogadro’s number of mol- 
ecules in a mole to get the molecules of iodine. 


5.28 x10” moleeutes TCI | 1 meHCl „192; 
l 6022x410” moleeutes ICI 2 məoHCI 
23 
x 6022x140" molecules I; =2.64x 10" molecules I, 
1mo; 
71 1. 5.65 x 10? molecules C,H,, 


This combustion reaction is not balanced. Start by balancing the carbon: 
CH; +O, > 8CO,+H,0 

Then balance the hydrogen: 
CH; +O, > 8CO,+9H,O 


Then balance the oxygen: 


CoH + 20, — 8CO, +9H,0 


Fractions aren’t appropriate for balanced equations, so multiply everything by 2: 
2C Hj, +250, > 16CO, + 18H,O 


Now calculate the number of molecules of octane needed. Here’s the plan for the 
conversions: 


g given — mol given —> mol desired substance — g desired substance 


To change from molecules to moles of a given substance, divide by Avogadro’s number 
of molecules in a mole. To get from moles of the given substance to moles of the 
desired substance, use the coefficients from the balanced reaction to form a mole 
ratio. To get the molecules of the desired substance, multiply the moles of the desired 
substance by Avogadro’s number of molecules in a mole of the desired substance. 


4.52 x 10” molecules CO, 1mol€0; 2 moles 
1 6.022102) molecules €O, 16 mol €O, 
23 
x 6.02240" molecules C,H =5.65x10” molecules CsH;, 
lm gilig 
4.5210" molecules H,O 1molH;0 2 mol EH 
1 


x 

6.022102) molecules H,O 18 molH;O 

6.022402 molecules CH5 
Imol Cys 

Compare the two numbers. You need at least 5.65 x 103 molecules of C,H,,, because 


5.02 x 10” molecules C,H, would produce less than the required amount of carbon 
dioxide. 


Answers 
701-800 


x = 5.02 x10” molecules CH; 
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712. 84.39% 


To find the percent yield, divide the actual yield (the amount produced in the experi- 
ment) by the theoretical yield (the maximum amount possible based on calculations) 
and multiply by 100: 

actual yield 
theoretical yield 
_ 1146 ¢ 
~ 1.358 g 


= 84.39% 


% yield = x100 


x100 


713. 104% 


To find the percent yield, divide the actual yield (the amount produced in the experi- 

ment) by the theoretical yield (the maximum amount possible based on calculations) 

and multiply by 100: 

actual yield 

theoretical yield 

_ 5.15 g 
~ 4.95 g 
= 104% 

The student in this lab hasn’t violated the law of conservation of mass by creating 


matter. Most likely, there was an error in finding the mass of product synthesized, or 
some contaminants got in the sample. 


714. 67.4% 


To solve for the percent yield, you need both the actual yield and the theoretical yield. 
The actual yield and the mass of a reactant are given, so you need to calculate the the- 
oretical yield. To do this, convert the grams of NH, to moles by dividing by the molar 
mass of NH,; then use the mole ratio to get to moles of NH,Br and multiply the moles of 
NH,Br by the molar mass: 


316g NH; 1mol NH, „1m Br 
1 (14.0067 +(1.00797x3)) gH; [mol NH; 
(14.0067 + (1.00797 x 4) +79.904)g NH,Br 
= ImolNH;Br 
= 1,817 g NH,Br 


To find the percent yield, divide the actual yield by the theoretical yield and multiply 
by 100: 


1,225 g 
L8i7g¢ 


% yield = x 100 


x 100 


Answers 
701-800 


x100 = 67.4% NH,Br 


Chapter 16: Answers and Explanations 2 15 


87.1% 


To solve for percent yield, you need both the actual yield and the theoretical yield. 
The problem gives only the actual yield and the mass of a reactant, so you need to cal- 
culate the theoretical yield. To do this, convert the grams of NH, to moles by dividing 
by the molar mass of NH,; then use the mole ratio to get to moles of NH,Br and multi- 
ply the moles of NH,Br by the molar mass: 


623 g NH; T 1 mol NA; X 6m Br 
1 (14.0067 +(1.00797x3)) g NH; 8 mol NH, 
(14.0067 +(1.00797 x 4)+ 79.904) g NH,Br 

j I mol NH;Br 

= 2,687 g NH,Br 
To find the percent yield, divide the actual yield by the theoretical yield and multiply 
by 100: 

2,341 g 

2,687 g 


x100 = 87.1% NH,Br 


93.2% BaSO, 


First, having a balanced reaction would be good. Both reactants and one of the prod- 
ucts are given in the question, so here’s your initial equation: 


BaCl, +Na,SO,— BaSO,+? 
This reaction appears to be a double displacement, so the other product is sodium 
chloride: 

BaCl, +Na,SO,— BaSO, + NaCl 


To balance this equation, just multiply the NaCl by 2: 
BaCl, + Na,SO, > BaSO, + 2NaCl 


To find the percent yield of the reaction, you first need to calculate the theoretical 
yield. To do this, convert the grams of BaCl, to moles by dividing by the molar mass of 
BaCl,; then use the mole ratio to get to moles of BaSO, and multiply the moles of BaSO, 
by the molar mass: 


0.527 g Ba€l, 1 mol BaCT, 1mol Ba80;, 
l X T137.34+(35.453x2)] g Ba€lz mol BatT, 
(137.34 +32.064+ (15.9994 x 4)) g BaSO, 
2 1 mol BaSO;, 
=0.591 g BaSO, 
The actual yield divided by the theoretical yield times 100 gives you the percent yield: 


0.551g 
0591 g 


Answers 
701-800 


x100 = 93.2% BaSO, 
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717. ~—-3.60x 10* g So, 


The equation is already balanced, so the first step is to determine which reactant is 
the limiting reactant. Divide the moles of each substance by the coefficient of that sub- 
stance from the balanced chemical equation. The lowest value from this division is the 
limiting reactant. The limiting reactant is the key to all subsequent calculations. 


45.0 mol SO, 
2 mol 


25.0 mol O, 
1 mol 


= 22.5 (limiting ) 
= 25.0 (in excess) 


The limiting reactant controls the amount of product formed, so start with 45.0 mol of 
SO, and perform a normal stoichiometry calculation to find the maximum amount of 


SO, that can be produced: 
mol $0; molS6, _ (32.064+(15.9994x3)) g SO 
2N i 2x2 a A ‘ )) g * = 3.60x10° g SO; 


718. 99.5 g NaCl 


The chlorine is out of balance in the equation: You have three chlorine atoms on the 
reactants side and two chlorine atoms on the products side. An easy way to try to bal- 
ance the odd number of chlorine atoms is to multiply each appearance of chlorine that 
appears singly in the formula (the NaClO,, the ClO,, and the NaCl) by 2, which gives you 


Cl, + 2NaClO, > 2Cl0, + 2NaCl 


Now the equation is balanced. To find the maximum amount of a substance that can be 
produced, you need to figure out which reactant will run out first. First, change the 
grams of each reactant to moles (so you have counting units to work with) by dividing 
by molar mass: 


106 get, ImolCl,  _ 
I * (35.453x2) get, 190 mol Cla 


154 g Bact, 5. 1 mol Nacio, =1.70 mol NaClO, 
1 (22.9898 + 35.453 + (15.9994 x 2) ) g Na&10;5 


To determine the limiting reactant, divide the moles of each substance by the coefficient of 
that substance from the balanced chemical equation. The lowest value from this division is 


zS the limiting reactant. The limiting reactant is the key to all subsequent calculations. 
ail 1.50 mol Cle _ 1 59 (in excess) 
IR 1 mol a 

1.70 mol NaClO, _ mage 

— smo = 0-851 (limiting ) 


Now knowing the limiting reactant, you can find the mass of the product from the 
given mass. The limiting reactant controls the amount of product formed, so start with 
154 g of NaClO, and perform a normal stoichiometry calculation to find the grams of 
NaCl produced: 
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154 g NaCO; 1molNa€iO, 2 mol NaCl 
1 "T 9898 + 35.453 + (15.9994 x 2) ) g Na&10; * 2 mol Na€iO;, 
(22.9898 +35.453)g NaCl _ 
x i Í =99.5 g NaCl 
7 19. 188.9 g Al,O,, and the Al is limiting 


First, you need a balanced equation. Aluminum is a metal that you write as Al; oxygen 
gas is diatomic, so it’s written O,; and aluminum oxide is given as Al,O,. With this info, 
you can write the unbalanced equation: 


Al+0O, > Al,O, 
To balance the oxygen atoms, you need the lowest common multiple of 2 and 3, which 
is 6. Multiply the O, by 3 and the Al,O, by 2: 

Al+30, > 2Al,0, 


Then balance the aluminum by multiplying the Al on the reactants side by 4: 
4A1+30, > 2Al,0, 


To find the limiting reactant, change the grams of each reactant to moles (so you have 
counting units to work with) by dividing by molar mass: 


100.0 g AT lmolAl _ 

I x 26.9815 g AT = 3.706 mol Al 
100.0897 1 mol 0, 

I (15.9994x2) gO, 


To determine the limiting reactant, divide the moles of each substance by the coeffi- 
cient of that substance from the balanced chemical equation. The lowest value from 
this division is the limiting reactant. The limiting reactant is the key to all subsequent 


= 3.125 mol O, 


calculations. 
3.706 mol Al imiti 
3.706 mol Al _ 9.9266 (limiting) 
3.125 mol Os 4 049 Gin eicess) 
3 mol 


The Al is limiting because you have a smaller relative amount of it available to react. 
Now find the mass of Al,O,. Take the original mass of aluminum and perform a normal 
stoichiometry calculation to find the grams of Al,O, produced: 


100.0gAl  ImerAI_ 2molAbO; ((26.9815 x 2)+(15.9994 x3))g Al,O5 
I 26.9815 gAl ~ 4moFAl Imol AKO, 


= 188.9 g Al,O, 


Answers 
701-800 


72 0. 9.34 g NO, and HNO, is in excess 


The equation is balanced, so the first step is to determine which reactant is limiting. 
First, change the grams of each reactant to moles (so you have counting units to work 
with) by dividing by molar mass: 
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155 gK 1 mol KI 
1 _ *(39.102-+126.9044) get 984 mol KI 
175 g HNO; 1 mol HNO, eae. 


1 i (1.00797 + 14.0067 + (15.9994 x 3)) g HNO; 


The mole ratio from the balanced equation shows that it takes 6 mol of KI for every 
8 mol of HNO,. 


To determine the limiting reactant, divide the moles of each substance by the coeffi- 
cient of that substance from the balanced chemical equation. The lowest value from 
this division is the limiting reactant. The limiting reactant is the key to all subsequent 


calculations. 
0.934 mol KI imiti 
0.934 mol KI =0.156 (limiting) 
2.78 mol HNO; _ 9,348 (in excess) 
8 mol 


KI is the limiting reactant because you have a smaller amount of it available compared 
to the amount of HNO.. 


Now knowing the limiting reactant, you can calculate the number of grams of NO. The 
limiting reactant controls the amount of product formed, so begin with 155 g of KI and 
perform a normal stoichiometry calculation: 


155 gK lmetKT  2moENO . (14.0067 +15.9994) g NO 
I” (39.102 +126.9044) gKI ~ 6morkT ImeHNO 


= 9.34 g NO 


72 1. O, is the limiting reactant, 56.3 g of water is produced, and 43.7 g of H, is in excess 


First, you need an equation for the reaction. Hydrogen and oxygen both exist as 
diatomic gases, and with sufficient energy, they react to form water: 


H; +0, > H,O 
Balance the oxygen atoms by multiplying the water by 2, and then balance the hydro- 
gen atoms by multiplying the H, by 2: 

2H, +O, > 2H,O 


Now you can determine which reactant is limiting and which is in excess. First, change 
the grams of each reactant to moles (so you have counting units to work with) by 


29 dividing by molar mass: 
fab) 
A es ‘ 1 mol H, = 24.8 mol H, 
ī2 (1.00797 x2) gH; 
50.0 05 1 mol O, E ON 


1 *(15.9994x2)g07 


To determine the limiting reactant, divide the moles of each substance by the coefficient 
of that substance from the balanced chemical equation. The lowest value from this divi- 
sion is the limiting reactant. The limiting reactant is the key to all subsequent calculations. 


24.8 mol H, 
2 mol 


1.56 mol O, 
1 mol 


=12.4 (in excess) 


=1.56 (limiting) 


122. 


723. 


726. 


725. 
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The O, is the limiting reactant because a smaller relative amount of it is available. Now 
knowing the limiting reactant, you can find the mass of the water produced from the 
given mass of the oxygen. The limiting reactant controls the amount of product 
formed, so begin with 50.0 g of O, and perform a normal stoichiometry calculation: 


50.0g07  ImokOy _ 2molt470_ ((1.00797x2)+15.9994) g H,O 
I (15.9994x2)g0; 1m0; ImolHH;0 
= 56.3 g H,O 


Using the law of conservation of mass, the mass of the hydrogen used plus the mass of 
the water used should equal the mass of the water produced (x g H, + 50.0 g O, = 56.3 g 
H,O), so the mass of the hydrogen used is 6.3 grams. The original mass of hydrogen 

available was 50.0 g, so subtract the hydrogen used from 50.0 g to find the H, in excess: 


50.0 g H, - 6.3 g H, = 43.7 g H, 
573K 


To find the Kelvin temperature when given degrees Celsius, add 273 to the Celsius 
temperature: 


K =°C +273 
= 300 +273 
=573 K 


423 K 


To find the Kelvin temperature when given degrees Celsius, add 273 to the Celsius 
temperature: 


K =°C +273 
=150+273 
=423 K 


73K 


To find the Kelvin temperature when given degrees Celsius, add 273 to the Celsius 
temperature: 


K =°C +273 
= -200 +273 
=73K 


Answers 
701-800 


195 K 


To find the Kelvin temperature when given degrees Celsius, add 273 to the Celsius 
temperature: 


K =°C +273 
=-78 +273 
=195 K 
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726. 310K 


To find the Kelvin temperature when given degrees Celsius, add 273 to the Celsius 
temperature: 


K =°C +273 
= 374273 
=310K 


727. -173°C 


To find the temperature in degrees Celsius when given kelvins, subtract 273 from the 
Kelvin temperature: 


°C=K-273 
= 100-273 
=-173°C 


728. 27°C 


To find the temperature in degrees Celsius when given kelvins, subtract 273 from the 
Kelvin temperature: 


°C =K-273 
= 300-273 
=27°C 


729. -273°C 


To find the temperature in degrees Celsius when given kelvins, subtract 273 from the 
Kelvin temperature: 


°C = K -273 
=0-273 
= -273°C 


130. 40°C and 104°F 


ne 
4 
25 To find the temperature in degrees Celsius when given kelvins, subtract 273 from the 
<n Kelvin temperature: 
°C = K -273 
=313 -273 
= 40°C 


To find the temperature in degrees Fahrenheit, multiply the temperature in degrees 
Celsius by 9/5 and then add 32: 


°F = 3(40°C) +32 
=72+32 
=104°F 


731. 


132. 


133. 


134. 


135. 
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-40.00°C and -40.00°F 


To find the temperature in degrees Celsius when given kelvins, subtract 273.15 from 
the Kelvin temperature. Use 273.15 (not 273) for this conversion to match the number 
of decimal places in the given temperature (233.15 K): 


°C =K-273.15 
= 233.15 — 273.15 
= -40.00°C 


To find the temperature in degrees Fahrenheit, multiply the temperature in degrees 
Celsius by 9/5 and then add 32.00: 


°F = 2(—40.00°C) + 32.00 


= —72.00 + 32.00 
= —40.00°F 


Note that answers of -40°C and -40°F have the wrong number of significant figures. 
You need two places after the decimal point to correspond to the original temperature. 


The lower segment that has no slope (from B to C) represents melting, turning from a 
solid into a liquid. All added heat energy goes toward the phase change, so no heat is 
available to change the temperature. The curve begins with a solid, at Point A, and 
heat raises the temperature of the solid to Point B, where the substance begins to melt. 
Melting is complete at Point C, and heating of the liquid begins. 


Condensation is the change from a gas to a liquid, and this occurs when the substance 
cools from Point B to C. All the heat energy removed comes from the phase change, so 
there’s no change in temperature; therefore, the slope in this region is zero. 


Cooling is the removal of heat energy and may or may not involve a temperature 
change. The two line segments representing phase changes, BC and DE, have different 
lengths because the amount of energy released when a substance condenses is greater 
than the amount released when the same amount of material freezes. 


Answers 
701-800 


Areas on the graph that have a slope are areas where the substance is being heated 
but not changing phase. The liquid phase exists between Points C and D. The curve 
begins with a solid, at Point A, and heating warms the solid to Point B, where the sub- 
stance begins to melt. Melting is complete at Point C, and heating of the liquid begins. 
Heating of the liquid continues until the substance reaches the boiling point (Point D), 
where vaporization begins. 


Boiling is the change from a liquid to a gas. This occurs with no change in temperature 
(a line with no slope in the graph). The substance is a liquid at Point D and a gas at 
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Point E. The curve begins with a solid, at Point A, and heating warms the solid to 

Point B, where the substance begins to melt. Melting is complete at Point C, and heat- 
ing of the liquid begins. Heating of the liquid continues until the substance reaches the 
boiling point (Point D), where vaporization begins. Vaporization continues until all the 
liquid is converted to gas (Point E). The gas begins to heat at Point E and continues to 
heat until the end of the experiment at Point F. 


736. = 


The solid is being heated at the bottom left-hand corner of the graph in the segment 
going from A to B. The curve begins with a solid, at Point A, and heating warms the 
solid to Point B, where the substance begins to melt. 


737. ODE 


Freezing is the change from a liquid to a solid. This process takes place from Point D to 
Point E. The curve begins with a gas, at Point A, and removing heat cools the gas to 
Point B, where it begins to condense. Condensation is complete at Point C, and cooling 
of the liquid begins. Cooling of the liquid continues until it reaches the freezing point 
(Point D), where freezing begins. Freezing continues until all the liquid is converted to a 
solid (Point E). The substance cools from Point E to the end of the experiment (Point F). 


738. E 


A gas is being heated starting at Point E and going to Point F and beyond. The curve 
begins with a solid, at Point A, and heating warms the solid to Point B, where the sub- 
stance begins to melt. Melting is complete at Point C, and heating of the liquid begins. 
Heating of the liquid continues until the substance reaches the boiling point (Point D), 
where vaporization begins. Vaporization continues until all the liquid is converted to 
gas (Point E). The gas heats from Point E to the end of the experiment (Point F). 


739. 16,700 J 


To calculate the amount of energy needed to melt a substance, you can use the follow- 
ing formula: 
Q = MAH us 


where Q is the quantity of heat energy, m is the mass, and AH,,, is the enthalpy of 
fusion. The enthalpy of fusion, sometimes called the heat of fusion, is the energy neces- 
sary to fuse (melt) a quantity of solid. 


Answers 
701-800 


Enter the numbers in the formula and solve for Q: 


Q=50.0 g x 3344 -16,700 J 
g 
You need 16,700 J of heat energy to melt the ice. 


74 0. -2,500 calories 


The temperature at the melting point and the freezing point are the same, so you can 
use the following formula: 
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Q = mAH a 


where Q is the quantity of heat energy, m is the mass, and AH , is the enthalpy of solid- 
ification. The enthalpy of solidification, sometimes called the heat of solidification, is the 
energy that has to be removed to freeze (solidify) a quantity of liquid; at a substance’s 
melting point, the heats of fusion and of solidification (freezing) are numerically the 
same; however, the signs are opposite. This means AF, = -AH Therefore, if the heat 
of fusion is 25cal/g, then the heat of solidification is —25 cal/g. 


Enter the numbers in the formula and solve for Q: 


Q=100.0¢x Se = -2,500 calories 
When the ethanol freezes, it releases -2,500 calories of heat energy. 
74 1. 27,000 calories 


To calculate the amount of energy needed to evaporate a substance, use the following 
formula: 


Q= mAH ap 


where Q is the quantity of heat energy, m is the mass, and AH, pis the enthalpy of 
vaporization. The enthalpy of vaporization, sometimes called the heat of vaporization, 
is the energy necessary to vaporize a quantity of liquid. 


Enter the numbers in the formula and solve for Q: 


Q=50.0¢ x ge = 27,000 calories 


You need 27,000 calories to evaporate the water. 
742. = -4,0205 


To calculate the amount of energy released when a substance is condensed, use the 
following formula: 


Q = MAA ona 


where Q is the quantity of heat energy, m is the mass, and AH „nq is the enthalpy of 
condensation. The enthalpy of condensation, sometimes called the heat of condensation, 
is the energy removed to condense a quantity of gas; at a substance’s boiling point, the 
heats of vaporization and of condensation are numerically the same; however, the 
signs are opposite. This means AH, = -AH Therefore, if the heat of vaporization is 


cond’ 


201 J/g, then the heat of condensation i is —201 J/g. 


Answers 
701-800 


Enter the numbers in the formula and solve for Q: 


Q=20.0 g x 2013 -4,020 J 
g 
When the nitrogen condenses, it releases —4,020 J of heat energy. 


143. 50. calories 


If the substance doesn’t go through any phase changes, you can use the following for- 
mula to calculate the amount of energy needed to raise the substance’s temperature: 
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Q= mC AT 


In this equation, Q is the quantity of heat energy, m is the mass, C p is the specific heat 
of the material, and AT is the change in temperature (Tina — Tinitia)- The specific heat is 
the quantity of heat energy necessary to increase the temperature of 1 g of a substance 
by 1°C. 


Enter the numbers in the formula and solve for Q: 


Q=10.0¢ x 2200-cal x (112-102) 2€ =50. calories 
gx 
You need 50. calories to raise the temperature of the steam to 112°C. 


144. 19,000 J 


If the substance doesn’t go through any phase changes, you can use the following for- 
mula to calculate the amount of energy needed to raise the substance’s temperature: 


Q= mC AT 


In this equation, Q is the quantity of heat energy, m is the mass, C, is the specific heat 
of the material, and AT is the change in temperature (Tina — Tinitap. The specific heat is 
the quantity of heat energy necessary to increase the temperature of 1 g of a substance 
by 1°C. 


Enter the numbers in the formula and solve for Q: 


Q=75.0g x 4181 x(80.-20.)2€ =18,810 J ~ 19,000 J 
g< 
Round the intermediate answer (18,810 J) to 19,000 J so that the answer has the same 
number of significant figures as the temperatures given in the problem. (Remember: In 
multiplication problems, the answer should have the same number of significant fig- 
ures as the measurement with the fewest significant figures.) You need 19,000 J to raise 
the temperature of the water to 80.°C. 


145. 2,130 calories 


You need heat to raise the temperature of the ice to the melting point, 0.0°C, and addi- 
tional heat to melt the ice. The first step, raising the temperature, requires the formula 
Q = mC AT, where Q is the heat energy, m is the mass, C is the specific heat of the mate- 
rial, and AT is the change in temperature (Tina — Tinitia). The second step, melting the ice, 
requires the formula Q = mAH, _, where Q is the quantity of heat energy, m is the mass, 


fus’ 
and AH,,, is the enthalpy (heat) of fusion. Combining the formulas gives you the following: 


Q=mC,AT + MAH ps 
= (25.00 g)(0.500 cal/g°C)(0.0 -(-10.0) °C +(25.00 g)(80.00 cal/g) 
= 125 cal+ 2,000 cal 
= 2,125 cal = 2,130 cal 


Answers 
701-800 


146. -5.48 x 10 J 


You first need to remove enough energy to lower the temperature to the freezing point 
of water, 0.0°C; then remove enough energy from the water for it to freeze. The first 
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step, bringing the water to its freezing point, removes Q = mC_AT energy, where Q is 

the energy, m is the mass, C_ is the specific heat of the material, and AT is the change 
in temperature (Tina — TinitiaJ- The second step, freezing the water, removes Q = mAH, 
energy, where Q is the quantity of heat energy, m is the mass, and AH, , is the enthalpy 
(heat) of solidification, which is the opposite of the enthalpy of fusion: AH,,, = —AH, 


fus’ 
This combination of formulas gives you the following: 
Q= mC AT + MAH so 


=(125 g)(4.18 J/g°C)(0.0-25.0)°C +(125 g)(-334.0 J/g) 
=-5.48x10*J 


147. -2.50 x 104 cal 


Solving this problem is a three-step process. The first step is to reduce the temperature 
of the steam to the boiling point of water, 100.0°C, using the specific heat of steam: 

Q = (mC AT) „ where Q is the heat energy, m is the mass, C, is the specific heat of the 
material, and AT is the change in temperature (Tna — Tinitap. The second step is to con- 
dense the steam to liquid water using the heat of condensation (AH ona): Q = MAH ong 
where m is the mass and AF, sna = AH; p the opposite of the heat of vaporization. The 
final step is to remove enough heat from the hot water to cool it to the final tempera- 


ture using the specific heat of water: Q = (mC,AT),. 


This combination gives you the following equation, with g referring to gas and l refer- 
ring to liquid: 


Q=(mC,AT) + MAH cong +(MC,AT ), 
=[ (40.0 g)(0.500 cal/g°C)(100.0 -120.0)°C | +(40.0 g)(—540.0 cal/g) 


+[{ (40.0 g)(1.00 cal/g°C)( 25.0 - 100.0)°C ], 
= -2.50x104 cal 


748. 5.043 x 105 J 


The first thing to do is to raise the temperature of the water to the boiling point, 
100.0°C, using the specific heat of water: Q = (mC AT), where Q is the energy, m is the 
mass, Cis the specific heat of the material, and AT is the change in temperature (Tina - 
T nitian Then boil (vaporize) the water using the heat of vaporization (AH, ap): Q=mAH,, p 
Last, heat the steam from the boiling point of water to the final temperature using the 
specific heat of steam: Q = (mC,AT),. 


Answers 
701-800 


This combination gives you the following equation, with g referring to gas and l refer- 
ring to liquid: 


Q=(mC,AT ), + MAH wg + (MCAT) 
=[ (200.0 g)(4.18 J/g°C)(100.0 - 48.0)°C ], +(200.0 g)(2,257 J/g) 
+[ (200.0 g)(2.09 J/g°C)(122.0-100.0)°C | 
=5.043x 10° J 
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159. 2.66 x 104 cal 


This problem involves a four-step process. First, raise the temperature of the ice to the 
melting point, 0.0°C, using the specific heat of ice: Q = (nC AT), where Q is the energy, 
m is the mass, C, is the specific heat of the material, and AT is the change in tempera- 
ture (Tina — Tnitia). Then melt the ice using the heat of fusion (AH,,,,): Q = mAH,,,. Next, 
raise the temperature of the liquid to the boiling point, 100.0° C, using the specific heat 
of water: Q = (mC AT), Finally, use the heat of vaporization, AH, to convert the liquid 


vap’ 
water to steam: Q = MAH, ap: 


This combination, with s referring to solid and / referring to liquid, gives you the fol- 
lowing equation: 


Q=(mC,AT) + MAH ns +(MC,AT ), + MAH „op 
=| (36.0 g)(0.500 cal/g°C)(0.0-(-40.0))°C | +(36.0 g)(80.00 cal/g) 
+[(36.0 g)(1.00 cal/g°C)(100.0-0.0)°C |, +(36.0 g)(540.0 cal/g) 
=2.66x10* cal 


750. -2.20 x 10° J 


Removing energy involves a series of four steps in this case. First, use the specific heat of 
steam to lower the temperature to the boiling point of water, 100.0°C: Q = (mC, AT) M where 
Qis the energy, m is the mass, C, is the specific heat of the material, and AT is the change 
in temperature (Tina — Tinitia. At the boiling (condensation) point, remove the heat of con- 
densation from the steam: Q = mAH ng Where AH ona = -AH a py the opposite of the heat of 
vaporization. The temperature of the liquid water formed from the condensation must be 
lowered to the freezing point, 0.0°C, using the specific heat of water: Q = (mC, AT),. Finally, 
freeze the water using the heat of solidification (AH,,, = —AH,,,): Q = MAH or- 


sol — fus- 


This combination, with g referring to gas and l referring to liquid, gives you the follow- 
ing equation: 


Q= (mC,AT), + MAH cong +(MC,AT ) + MAH oy 
=[ (72.0 g)(2.09 J/g°C)(100.0 -120.0)°C ] +(72.0 g)(-2,257J/g) 
+[ (72.0 g)(4.18 J/g°C)(0.0-100.0)°C ], +(72.0 g)(-334.0 J/g) 
=-2.20x10°J 


751. 1.444 107 J 


You need five separate steps to solve this problem. In each step, you add a given 
amount of energy. The amount of energy in the first step, raising the temperature of 
the ice to the melting point, 0.0°C, depends on the specific heat of ice: Q = MCAD, 
where Q is the energy, m is the mass, C_ is the specific heat of the material, and AT is 
the change in temperature (Tina Tnita). The second step, melting the ice, uses the 
heat of fusion of ice: Q = mAH,,, Next, to raise the temperature of the water to the boil- 
ing point, 100.0°C, use the specific heat of water: Q = (mC,AT),. The fourth step, chang- 
ing the water to steam, involves the heat of vaporization: Q = mAH, The final step, 
raising the temperature of the steam, uses the specific heat of steam: Q = (mC,AT) e 


Answers 
701-800 


152. 


153. 
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This combination, with g referring to gas, / referring to liquid, and s referring to solid, 
gives you the following equation: 


Q=(mC,AT ) + mAH jg +(MC,AT ), + MAH ap (MCAT) 

=| (4,536 g)(2.09 J/g°C)(0.0-(-78.0))°C | +(4,536 g)(334.0 J/g) 
= +[ (4,536 g)(4.18 J/g°C)(100.0-0.0)°C ] +(4,536 g)(2,257 J/g) 
= +[ (4,536 g )(2.09 J/g°C)(105.0-100.0)°C ] 


=1.444x10'J 


-385 cal 


60.0 g 


This problem involves five steps. In each step, you remove a given amount of energy. 
The amount of energy in the first step, cooling the steam to the condensation point, 
100.0°C, depends on the specific heat of steam: Q = (mC, AT), % where Q is the energy, m 

is the mass, C, is the specific heat of the material, and ATis the change in temperature 
(Tina Tinian: "The second step, condensing the steam to water, utilizes the heat of con- 
densation of steam (AH.,,., = —-AH,,,): MAH ona: Next, use the specific heat of water to 
lower the water temperature to the freezing point, 0.0°C: Q = ung AT),. The fourth step, 
freezing the water, involves the heat of solidification (AFH, = tus): MAH, o The final 


step, lowering the temperature of the ice, uses the specifie heat of ice: Q = (mC AT), 


This combination, with g referring to gas, l referring to liquid, and s referring to solid, 
gives you the following equation: 


Q=(mC,AT) + MAH cong +(MC,AT ), + MAH sa +(MC,AT), 
= [ (0.500 g)(0.500 cal/g°C)(100.0 -150.0)°C ] + (0.500 g)(-540.0 cal/g) 
+[ (0.500 g)(1.00 cal/g°C)(0.0-100.0)°C ], +(0.500 g)(-80.00 cal/g) 


+[ (0.500 g)(0.500 cal/g°C)(100.0-150.0)°C ] 
= -385 cal 


The basic equation relating energy to mass, specific heat, and temperature is 
Q=mC AT 


where Q is the energy, m is the mass, C is the specific heat, and AT is the change in 
temperature. You want to know the mass, so rearrange the equation: 


Answers 
701-800 


__Q 
CAT 


Entering the appropriate values and doing the math gives you 


_ 172 cal = 
= (0.573 cal/g°C)(5.00°C) 07° 8 


The sample has a mass of 60.0 g. 
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154. 4.16 J/g°C 


The basic equation relating energy to mass, specific heat, and temperature is 
Q= mC AT 


where Q is the energy, m is the mass, C_is the specific heat, and AT is the change in 
temperature. You want to know the specific heat, so solve the equation for Cy 


_ Q 
Cs = mAT 


Now just enter the numbers and do the math: 


197 J ! 
Co Tapa g)(z.isec) 16 ee 


The specific heat of the substance is 4.16 J/g°C. 


755. 18.5°C 


The basic equation relating energy to mass, specific heat, and temperature is 
Q=mC „AT 


where Q is the energy, m is the mass, C, is the specific heat, and AT is the change in 
temperature. You want to find the change in temperature, so solve the equation for AT: 


-Q 
AT =e 


Entering the appropriate values gives you 


= 153 cal m 7 
aE (38.1 g)(0.217 cal/g°C) ane 


The temperature increased by 18.5°C. 


156. 46.0°C 


The basic equation relating energy to mass, specific heat, and temperature is 


Q=mC,AT 
2S Q=mC,(T;-T;) 
fab) 
zT where Q is the energy, m is the mass, C, is the specific heat, and AT is the change in 
ī2 temperature (final temperature minus initial temperature). You want to know the final 

temperature, so solve the equation for T; 
__ 9 
T; = mC, +T; 


Enter the numbers and complete the calculations: 


1,148 J 


T = T735 g)(217 J/g C) 


+15.5°C = 46.0°C 


The final temperature is 46.0°C. 
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157. 32.0°C 


The basic equation relating energy to mass, specific heat, and temperature is 
Q=mC,AT 
Q=mC,(T,-T, ) 

where Q is the energy, m is the mass, C, is the specific heat, and AT is the change in 


temperature (final temperature minus initial temperature). You want to know the ini- 
tial temperature. Solving the equation for T, gives you 


_ Q 
T,= me, t 7 


Enter the numbers and do the math: 


T= 12.35 cal 
‘(19.75 g)(0.125 cal/g°C) 


+37.0°C = 32.0°C 


The sample’s initial temperature was 32.0°C. 
758. 9.10 cal 


The basic equation relating energy to mass, specific heat, and temperature is 
Q=mC AT 
where Q is the energy, m is the mass, C, is the specific heat, and AT is the change in 


temperature. You want to find the heat (energy), so simply enter the numbers and 
solve: 


Q = (3.75 g)(0.986 cal/g°C)(2.46°C) = 9.10 cal 


The answer is positive, so the sample absorbed 9.10 calories. 
759. =-0.4005 


The basic equation relating energy to mass, specific heat, and temperature is 
Q=mC AT 
where Q is the energy, m is the mass, C, is the specific heat, and AT is the change in 


temperature. You want to find the heat (energy), so simply enter the numbers and 
solve: 


Q = (0.326 g)(0.986 J/g°C)(-1.37°C) = -0.400 J 
The sample lost 0.400 J of energy. 


Answers 
701-800 


Note: Watch the value of AT. It’s negative because the temperature decreased, which 
results in a negative heat change. 


760. 1.60g 


The basic equation relating energy to mass, specific heat, and temperature is 
(mC,AT),=-(mC,AT), 
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where m is the mass, C is the specific heat, and AT is the change in temperature for 
Samples 1 and 2. The negative sign appears on the right side of the equation because 
Sample 2 lost heat to Sample 1. 


You want to find the mass of Sample 2, so solve the equation for m,: 
fe (mC AT), 
pi ee 2 
-(C,AT), 


Now enter the appropriate values and do the math: 


[ (1.35 g)(2.18 cal/g°C)(13.9°C) | 
My = L= 1.60 g 
—[ (1.36 cal/g°C)(-18.8°C) ], 


Sample 2 has a mass of 1.60 g. 


761. 2.60 J/g°C 


The basic equation relating energy to mass, specific heat, and temperature is 
(mC,AT) =-(mC,AT), 
where m is the mass, C, is the specific heat, and AT is the change in temperature for 


Samples 1 and 2. The negative sign appears on the right side of the equation because 
Sample 2 lost heat to Sample 1. 


Rearrange the equation to solve for Cpr the specific heat of Sample 1: 
ý -(mC,AT), 
"= (mAT), 
Entering the appropriate values and doing the math gives you 
_ -[(2.70 g)(2.15 J/g°C)(-12.8°C) | 
a [ (1.42 g)(20.1°C) } 


The specific heat of Sample 1 is 2.60 J/g°C. 


762. 53.1°C 


The basic equation relating energy to mass, specific heat, and temperature is 
-(mC,AT), = (mC,AT), 


2 = 2.60 J/g°C 


Answers 
701-800 


where m is the mass, C, is the specific heat, and AT is the change in temperature for 
Samples 1 and 2. The negative sign on the left side of the equation indicates that 
Sample 1 lost heat to Sample 2. 


You want to find the final temperature of Sample 2, so rewrite AT, as T,- T, the final 
temperature minus the initial temperature: 


-(mC,AT ), =[mC,(T7,-T,) ], 
Solve the equation for T,,. This equation rearranges to 
—(mC,AT), 
Tp, = tT 
(mC, ), 
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Entering the appropriate values and doing the calculations gives you 
-[ (5.13 g)(0.581 cal/g°C )(-15.0°C) | 
2o [ (4.19 g)(0.381 cal/g°C) J, 


The final temperature of Sample 2 is 53.1°C. 


L +25.1°C = 53.1°C 


763. 2kJ 


This reaction deals with the conversion of graphite (pencil lead) to diamonds. The 
basic equation for the heat of reaction is 


AH? „n = X, AH® (products) —> AH?’ , (reactants) 


Use the table to look up the standard heat of formation (AH*,) for diamonds and graph- 
ite and then enter them in the equation: 


Oy = o o 
AH rxn — AH diamond T AH graphite 


=(1 mol)(2 kJ/mol)- (1 mol)(0 kJ/mol) 
=2 kJ 


This reaction requires 2 kJ of heat. 


764. = -396 kJ 


This reaction shows the burning of diamonds. The basic equation for the heat of 
reaction is 


AR? nen = XAH", (products) —>}. AH?, (reactants) 


Use the table to look up the standard heats of formation (AH”,) for carbon dioxide, 
diamonds, and oxygen. Enter the numbers in the equation and do the math: 


AH” n = (AH° carbon dioxide ) gi ( AH” tomona + AH® oxygen ) 
= [| (1 mol)(-394 kJ/mol) ]-[ (1 mol)(2 kJ/mol) +(1 mol)(0 kJ/mol) | 
= -396 kJ 


The answer is negative, so this reaction releases 396 kJ of heat. 
7605. = -566 kJ 


This reaction shows the combustion of toxic carbon monoxide to form carbon dioxide. 
The basic equation for the heat of reaction is 


AH? „n = X, AH? ; (products) — >} AH?, (reactants) 


Answers 
701-800 


Use the table to look up the standard heat of formation (AH”,) for each substance 
involved — carbon dioxide, carbon monoxide, and oxygen — and enter the numbers in 
the equation: 


o — ° o o 
AH rxn T (2AH carbon dioxide )- ( 2AH carbon monoxide + AH oxygen ) 


=| (2 mol)(-394 kJ/mol) ]-[ (2 mol)(-111 kJ/mol)+(1 mol)(0 kJ/mol) ] 
= -566 kJ 


The answer is negative, so this reaction releases 566 kJ of heat. 
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766. = -904 kJ 


This reaction shows the combustion of ammonia, an important step in the synthesis of 
nitric acid and many fertilizers. The basic equation for the heat of reaction is 


AH? en = X AH?” , (products )—} AH®, (reactants) 
Use the table to determine the standard heats of formation (AH”,) for each of the sub- 


stances involved — nitrogen oxide, water vapor, ammonia, and oxygen — and enter 
them in the equation: 


AH? rxn = [(4aH° nitrogen oxide ) T 6AH° pater vapor ] = (4AH° ammonia F SAH? oxygen ) 
=[(4 mol)(91 kJ/mol) + (6 mol)(-242 kJ/mol) | 
-| (4 mol)(—46 kJ/mol) +(5 mol)(0 kJ/mol) | 


= -904 kJ 
The answer is negative, so this reaction releases 904 kJ of heat. 


767. ~—--1,369 kJ 


The basic equation for the heat of reaction is 
AH? „n = »,AH° (products) —> AH° , (reactants) 


Use the table to determine the standard heats of formation (AH?) for each substance 
involved — carbon dioxide, water, ethyl alcohol, and oxygen — and enter them in the 
equation: 


AH? rxn 7 [(24AH° carbon dioxide ) + 3AR® water ] at ( LAH? enyi alcohol T 3AH° 
= | (2 mol)(-394 kJ/mol) + (3 mol)(-286 kJ/mol) | 
—[ (1 mol)(-277 kJ/mol)+(3 mol)(0 kJ/mol) | 


= —1,369 kJ 
The answer is negative, so this reaction releases 1,369 kJ of heat. 


768. -2,807 kJ 


This reaction is the basic reaction known as respiration. The basic equation for the 
heat of reaction is 


AH? en = >, AH, (products )—} AH’, (reactants) 


oxygen ) 


Answers 
701-800 


Use the table to determine the standard heat of formation (AH*,) for each substance 
involved — carbon dioxide, water, glucose, and oxygen — and enter them in the 
equation: 


AH® mn T [ (6H? carbon dioxide ) a 6AR® vater | E ( 1AF° guuciose + GAA® oxygen ) 
= [ (6 mol)(-394 kJ/mol) + (6 mol)(-286 kJ/mol) | 
-[(1 mol)(-1,273 kJ/mol)+(6 mol)(0 kJ/mol) | 


= —2,807 kJ 
The answer is negative, so this reaction releases 2,807 kJ of heat. 
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169. 53 kJ/mol 


The basic equation for the heat of reaction is 
AH® „n = >, AH® , (products )—} AH”, (reactants) 


Use the table to determine the standard heat of formation (AH?) for each substance 
where the value is known — nitrogen oxide and chlorine — and enter these values and 
the given heat of reaction (AH° _ ) in the equation. This gives you the following: 


AR en = | (24H ? nitrosyl chloride )]- ( 2AH° nitrogen oxide + 1 AHP chiorine ) 
-76 kJ = | (2 mol)( AH? pivosyı cnioriae ) |- [ (20T )(91 kJ/ mot )+(1m0t )(0 kJ/ mot) | 
Now solve for AH” nitrosyl chloride’ 
-76 kJ +[ (2)(91) ] kJ = (2 mol )( AH? pinosyt crioniae ) 
AH ° nitrosyl chloride = 93 kJ/mol 


The standard heat of formation for nitrosyl chloride is 53 kJ/mol. 
770. -105 kJ/mol 


The basic equation for the heat of reaction is 
AH? „n = X, AH°, (products)- Y} AH°, (reactants) 


Use the table to determine the standard heat of formation (AH?) for each substance 
where the value is known — carbon dioxide, water vapor, and oxygen — and enter 
these values and the given heat of reaction (AH°___) in the equation: 


AH? „n =( (BAH? carvon dioxide ) + SAH water vapor || TAH propane + 5AH” oxygen 
-2,045 kJ = | (3 moT )(-394 kJ/moT) + (4 mot )(-242 kJ/mof) | 
-| (1 mol)( AA? propane ) + (5.2801 )(0 kJ/sza0T) | 
Then solve for AH” propane 
-2,045 kJ —[3(-394) + 4(-242) ] kJ =-(1 mol)( AH 
AH? propane = —105 kJ/mol 


o 
propane 


The standard heat of formation for propane is -105 kJ/mol. 


Answers 
701-800 


771. 73 kJ/mol 


The basic equation for the heat of reaction is 
AH? „n = X, AH° (products) —>} AH?, (reactants) 


Now use the table to determine the standard heat of formation (AH?) for each sub- 
stance where the value is known — boron oxide, water, and oxygen — and enter these 
values and the given heat of reaction (AH _ ) in the equation: 


Yxn- 
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Can =[( (5AH° boron oxide )+ 9AH° water |- (2AH° pentaborane-9 T 12AH° 
-9,090. kJ =| (5 mof)(-1,274 kJ/mol) +(9 mol )(-286 kJ / mol) | 
[e chee pentaborane-9 ) + (1201 )( 0 kJ/ a0) | 
Solve for AH 


pentaborane9° 


~9,090. kJ-[ 5(-1,274) +9(-286) | kJ = -(2 mol)(AH® jeniaborane-s ) 
AH? pentaborane-9 = 73 kJ/mol 


` 
oxygen , 


The standard heat of formation for pentaborane-9 is 73 kJ/mol. 


112. 170 kJ 


Simply add the two thermochemical equations and cancel substances appearing on 
both sides to get the desired equation. Adding the individual heats of reaction gives 
you the overall heat of reaction: 


ZCu(s)+ CLE) > 2CuCl(s) AH = -36 kJ 
CuCl, (s) > Cutsy + CL¢E) AH = 206 kJ 
CuCl, (s)+Cu(s)— 2CuCl(s) AH =170 kJ 


The heat of reaction is 170 kJ. 


773.  -512kJ 


Adding the individual heats of reaction gives you the overall heat of reaction. 


Double the first thermochemical equation, including its energy, before adding the two 
equations together, because the fluorine needs to have a coefficient of 2 to match the 
coefficient in the desired reaction. Cancel any substance that appears in equal 
amounts on both sides of the reaction arrows. 


Here are the calculations, beginning with the doubled first equation: 


2HE) + 2F,(g)—> 4HF(g) AH = 2(-542 kJ) 
2H,0(1)—> 2Hs¢g) +0,(g) AH =572 kJ 
2H,O0(1)+2F,(g) > O.(g)+4HF(g) AH = -512kJ 


The heat of reaction is -512 kJ. 


774. -566 kJ 


Adding the individual heats of reaction gives you the overall heat of reaction. 


Answers 
701-800 


Double the first thermochemical equation, including its energy, before adding the two 
equations together, because the CO, needs to have a coefficient of 2 to match the coef- 
ficient in the desired reaction. Cancel any substance that appears in equal amounts on 
both sides of the reaction arrows. 
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Here are the calculations, beginning with the doubled first equation: 


2Ckgr) + Z0,(g) > 2C0,(g) AH = 2(-394 kJ) 
2C0(g) > 2Cler) + OE) AH = 222 kJ 
2CO(g)+0.(g)— 2C0,(g) AH = -566 kJ 


The heat of reaction is —566 kJ. 


775. -1,561 kJ 


To get the desired equation, simply add the three thermochemical equations and 
cancel substances that appear in equal amounts on both sides of the reaction arrow. 
Adding the individual heats of reaction gives you the overall heat of reaction: 


o AH =136 kJ 


Heg) +5 A )>H,0(1 AH = -286 kJ 
cai, (g)—2C0, )+2H,0(1) AH =-1,411kJ 
CoH,(g +4 0,(g)— 2CO,(g)+3H,0(1) AH =-1,561 kJ 


The heat of reaction is —1,561 kJ. 


776. -925 kJ 


Adding the individual heats of reaction gives you the overall heat of reaction. 


The desired equation uses hydrogen as a reactant, so reverse the last thermochemical 
equation to get the hydrogen on the left side, which means reversing the sign on the 
energy. You also need to multiply the last two equations and their energies by 1/2 to 
reduce their coefficients to agree with the ones in the final equation. 


Here’s what you get when you apply these changes and add the equations, canceling 
any substances that appear in equal amounts on both sides of the reaction arrows: 


E (OH), (s) AH =-37 kJ 


Mg(s) -> Mgots) AH = 4(-1,204 kJ) 
a AH = 4(-572 kJ) os 
Mg(s)+H,(g)+0O2(g)— Mg(OH), (s) AH = -925 kJ ul 
IR 


The heat of reaction is —925 kJ. 


177. -906 kJ 


Adding the individual heats of reaction gives you the overall heat of reaction. 


The desired reaction uses ammonia (NH,) as a reactant, so reverse the first equation 
to get the ammonia on the left side, which means reversing the sign on the energy; you 
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also need to double the first equation along with its energy, because the desired equa- 
tion has 4NH,, not 2NH,. Triple the second equation (to convert 2H,O to 6H,O) and 
double the third equation (to convert N, to 2N,), along with doubling and tripling their 
energies. 


Here’s what you get when you apply these changes and add the equations, canceling 
any substances that appear in equal amounts on both sides of the reaction arrows: 


ANH, (g)> 2Nz¢&) + 6H) AH =2(92 kJ) 


6H) +30,(g) > 6H,0(g) AH = 3(-484 kJ) 
2N,(g)+20,(g)— 4NO(g) AH = 2(181 kJ) 
4NH,;(g)+50,(g)— 4NO(g)+6H,O(g) AH = -906 kJ 


The heat of reaction is —906 kJ. 


778. 256 kJ 


Adding the individual heats of reaction gives you the overall heat of reaction. 


To get the sum of the three thermochemical equations to match the desired equation, 
you need to reverse both the second and third equations (to get the reactants and 
products on the same side as they’re on in the desired equation); this means reversing 
the signs on their energies. You also need to multiply the first and third equations 
(including their associated energies) by 1/2 to get the coefficients on HCN and NH, to 
match those in the desired equation. 


Here’s what you get when you apply these changes and add the equations, canceling 
any substances that appear in equal amounts on both sides of the reaction arrows: 


tug) + Clear) 4 INg) > HCN(g) AH =4(271 kJ) 


— +2H,(g) AH =75 kJ 
NH: (g)> ENG + 32H, (g) AH = 4(92 kJ) 
CH,(g)+NH3(g)— HCN(g)+3H,(g) AH = 256 kJ 


The heat of reaction is 256 kJ. 


779. — -205 kJ 


Adding the individual heats of reaction gives you the overall heat of reaction. 


Answers 
701-800 


To get the sum of the three thermochemical equations to match the desired equation, 
you need to double the first equation and its energy. You also need to reverse the third 
equation, which means reversing the sign on the energy. No changes are needed for 
the second equation. 


Here’s what you get when you apply these changes and add the equations, canceling 
any substances that appear in equal amounts on both sides of the reaction arrows: 
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2H;{8) + 2Cl,(g) > 4HCI(g) AH = 2(-92 kJ) 
Clef) + 2Cl,(g) > CCl (g) AH =-96 kJ 


CH,(g) > Cher) + 2Hg) AH =75 kJ 


CH,(g)+4Cl,(g)— CCl,(g)+4HCI(g) AH = -205 kJ 
The heat of reaction is —205 kJ. 


780. -128 kJ 


Adding the individual heats of reaction gives you the overall heat of reaction. 


To get the sum of the four thermochemical equations to match the desired equation, 
you need to reverse the second and fourth equations (to get the CO and CH,OH on the 
same side as in the final equation), which also means reversing the sign on their ener- 
gies. You also need to double the first equation, including its associated energy, 
because the desired equation has a coefficient of 2 on the H}. 


Here’s what you get when you apply these changes and add the equations, canceling 
any substances that appear in equal amounts on both sides of the reaction arrows: 


2H,(g)+O > 2H,6fT) AH = 2(-286 kJ) 
CO(g) > Cher} + 106) AH = 111k) 
Clef) + 0-48) > COE) AH = -394 kJ 


cotgj+2 > CH,OH(1) + 205(8) AH =727 KJ 
CO(g)+2H,(g)— CH;OH(1) AH = -128 kJ 


The heat of reaction is —128 kJ. 


781. -49 kJ 


Adding the individual heats of reaction gives you the overall heat of reaction. 


To get the sum of the three thermochemical equations to match the desired equation, 
you need to reverse the first and third equations, which also means reversing the signs 
on the energy. You also need to multiply the second equation and its associated 
energy by 1/2 and to multiply the first equation and its associated energy by 3/2. 


Here’s what you get when you apply these changes and add the equations, canceling 
any substances that appear in equal amounts on both sides of the reaction arrows: 


3NO,(g)—> 3NO(g)+ 3048) AH = 3(173 KJ) 
Nefg) + 304g) +H,0(1) > 2HNO, (aq) AH = 1(~255 ks) 
2NO(g) > N48) + O48) AH =(-181 kJ) 


3NO,(g)+H,O(1) > 2HNO;(aq)+NO(g) AH = —49 kJ 
The heat of the reaction is —49 kJ. 


Answers 
701-800 


298 Part Il: The Answers 


782. 1,900 torr 


To convert from atmospheres to torr, multiply the given pressure by 760 torr/1 atm: 


2.5 atm | 760 torr 
1 lat 


= 1,900 torr 


783. 76 kPa 


To convert from atmospheres to kilopascals, multiply the given pressure by 101 kPa/1 atm: 


0.75 atin . 101 kPa 


1 latm =e Re 


784. 0.695 atm 


To find how many atmospheres are in a certain number of millimeters of mercury, mul- 
tiply the given pressure by 1 atm/760 mm Hg: 


528 mmHg 1 atm ae 
Ī x 760 Hg 0.695 atm 


785. 2.63 atm 


To find how many atmospheres are in a certain number of pounds per square inch, 
multiply the given pressure by 1 atm/14.7 psi: 


38.7 psi latm = 
I x 14.7 pst = 2.63 atm 


786. 3,800 mm Hg 


To convert from atmospheres to millimeters of mercury, multiply the given pressure 
by 760 mm Hg/1 atm: 


5.00 ati ? 760 mm Hg 
1 lat 


= 3,800 mm Hg 


78 7. 1,050 mm Hg 


Answers 
701-800 


To convert torr to millimeters of mercury, you can convert torr to atmospheres (760 torr = 
1 atm) and then convert atmospheres to millimeters of mercury (1 atm = 760 mm Hg): 
1,050 torf x lati , 160: mm Hg 
1 760 torf lat 


Or you can remember that 1 torr = 1 mm Hg: 


1,050 LerF 1 mm Hg 
i lterr 


= 1,050 mm Hg 


= 1,050 mm Hg 
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78 8. 23.4 torr 


To find how many torr are in a certain number of kilopascals, convert kilopascals to 
atmospheres (by multiplying by 1 atm/101 kPa) and then convert atmospheres to torr 
(by multiplying by 760 torr/1 atm): 
3.11kPa lat _ 760 torr _ 
Í X TOLPE * latí = 23.4 torr 


78 9. 344 kPa 


To find how many kilopascals are in a certain number of pounds per square inch, con- 
vert pounds per square inch to atmospheres (by multiplying by 1 atm/14.7 psi) and 
then convert atmospheres to kilopascals (by multiplying by 101 kPa/1 atm): 


50.0psi_ lat —101kPa 


I “i4.7psi* Laem oe 


790. 1.5L 


When you’re given a combination of initial and final pressures and volumes at a con- 
stant temperature, the calculations will involve Boyle’s law. Draw a little chart to keep 
track of the quantities and the units: 

P,=3.0 atm P, = 10.0 atm 


V,=5.01L V,=?L 


Make sure the units match, substitute the values into the equation from Boyle’s law, 
and solve for V,, giving your answer two significant figures: 


PV, = PV, 
(3.0 atm)(5.0 L) =(10.0 atm)V, 
(3.0 ate )(5.0 L) _ 
10.0atm =? 
1.5 L=V, 
Now make sure your answer is reasonable. The pressure is increasing, so the volume 


should decrease. The new volume is less than the original volume, so this answer 
makes sense. 


79 1. 1,070 torr 


When you’re given a combination of initial and final pressures and volumes at a con- 
stant temperature, the calculations will involve Boyle’s law. Draw a little chart to keep 
track of the quantities and the units: 


Answers 
701-800 


P, = 765 torr P,=? torr 
V,=17.5L V, = 12.5 L 
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Make sure the units match, substitute the values into the equation from Boyle’s law, 
and solve for P,, giving your answer three significant figures: 


PY, = PV, 
(765 torr )(17.5 L) = P, (12.5 L) 
(765 torr)(17.5£) 
12.54 o 


1,070 torr = P, 


Now make sure your answer is reasonable. The volume is decreasing, so the pressure 
should increase. The new pressure is greater than the original pressure, so this answer 
makes sense. 


792. 130 L 


When you’re given a combination of initial and final pressures and volumes at a con- 
stant temperature, the calculations will involve Boyle’s law. Draw a little chart to keep 
track of the quantities and the units: 


P,=0.75 atm P, = 0.25 atm 
V =44.8 L V, =?L 


Make sure the units match, substitute the values into the equation from Boyle’s law, 
and solve for V,, giving your answer two significant figures: 


PY, =P,V, 
(0.75 atm )(44.8 L) =(0.25 atm )V, 


(0.75 atr )( 44.8 L) 
0.25 atr 


=V, 
130 L=V, 
Last, make sure your answer is reasonable. The pressure is decreasing, so the volume 


should increase. The new volume is larger than the original volume, so this answer 
makes sense. 


793. 1.11 atm 


zS When you're given a combination of initial and final pressures and volumes at a con- 
a stant temperature, the calculations will involve Boyle’s law. Draw a little chart to keep 
ī2 track of the quantities and the units: 

P,=1.75 atm P,=? atm 

V, = 547 mL V, = 861 mL 


Make sure the units match, substitute the values into the equation from Boyle’s law, 
and solve for P,, giving your answer three significant figures: 
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PY, = P.V2 
(1.75 atm)(547 mL) = P, (861 mL) 
(1.75 atm)(547 ma) 
861m ae 
1.11 atm = P, 


Now make sure your answer is reasonable. The volume is increasing, so the pressure 
should decrease. The new pressure is lower than the original pressure, so this answer 
makes sense. 


194. 99.9 mL 


When you’re given a combination of initial and final pressures and volumes at a con- 
stant temperature, the calculations will involve Boyle’s law. Draw a little chart to keep 
track of the quantities and the units: 


P,=95.0 kPa P,=211 kPa 
V =?mL V, = 45.0 mL 


Make sure the units match, substitute the values into the equation from Boyle’s law, 
and solve for V,, giving your answer three significant figures: 


PY, =P, 
(95.0 kPa )V, =(211 kPa)(45.0 mL) 
_ (211)ePa )(45.0 mL) 
95.0 kPa 
V, = 99.9 mL 


Now make sure your answer is reasonable. The pressure increased, so the volume 
should decrease. The original volume is larger than the final volume, so this answer 
makes sense. 


795. = 555 torr 


When you’re given a combination of initial and final pressures and volumes at a con- 
stant temperature, the calculations will involve Boyle’s law. Draw a little chart to keep 


track of the quantities and the units: zS 
zP 
P =? torr P, = 5.10 atm so 

V, = 2,645 mL V, = 379 mL 


Next, make sure the units match. The answer needs to be in torr, so you can change 
the atmospheres to torr now: 


_ 5.10. ater 
~ 1 


760 torr _ 
P, x laí = 3,876 torr 


Then substitute the values into the equation from Boyle’s law and solve for P,, giving 
your answer three significant figures: 
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PV, = PV, 
P,(2,645 mL) = (3,876 torr )(379 mL) 
p — (3876 torr )(379 mč) 
= 2,645 mE 
P, = 555 torr 


Your other option is to use this equation to find P, in atmospheres and convert to torr 
at the end. 


Last, make sure your answer is reasonable. The volume decreased, so the pressure 
should increase. The original pressure, 555 torr, is less than the final pressure, 
3,876 torr, so this answer makes sense. 


796. 1,580 mL 


When you’re given a combination of initial and final pressures and volumes at a con- 
stant temperature, the calculations will involve Boyle’s law. Draw a little chart to keep 
track of the quantities and the units: 

P, = 1,020 torr P, = 7,660 torr 


V,=? mL V,=0.210L 


Next, make sure the units match. The answer needs to be in milliliters, so you can 
change the liters to milliliters now: 


_ 021K „ 1,000 mL 
E 1K 


I =210. mL 


Vz 


Then substitute the values into the equation from Boyle’s law and solve for V,, giving 
your answer three significant figures: 


PY, = P.V2 
(1,020 torr )V, = (7,660 torr )(210. mL) 
_ (7,660 żərf )(210. mL) 
ae 1,020 terr 
V, = 1,580 mL 


Your other option is to use this equation to find V, in liters and convert to milliliters at 
the end. 


Last, make sure your answer makes sense. The pressure is increasing, so the volume 
should decrease. The original volume is 1,580 mL, or 1.58 L, which is larger than the 
final volume, 0.210 L, so this answer makes sense. 


797. 0.568 atm 


When you’re given a combination of initial and final pressures and volumes at a con- 
stant temperature, the calculations will involve Boyle’s law. Draw a little chart to keep 
track of the quantities and the units: 


Answers 
701-800 
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P =? atm P, = 720. torr 
V, =1.00L V, = 600. mL 


Next, make sure the units match. In this problem, the volumes are in milliliters and 
liters, and the pressures are in torr and atmospheres. The volume conversion is easy 
when you remember that 1.00 L = 1,000 mL; the other conversion requires changing 
torr to atmospheres using 1 atm = 760 torr: 


V, =1.00 L=1,000 mL 
= 720. torr y_latm 
1 760 torr 
Now substitute the values into the equation from Boyle’s law and solve for P,, giving 
your answer three significant figures: 
PV, = PV, 
P,(1,000 mL) = (0.947 atm )(600. mL) 
_ (0.947 atm)( 600. nat ) 
me 1,000 mt 
P, = 0.568 atm 


P, = 0.947 atm 


Now make sure your answer is reasonable. The volume decreased, so the pressure 
should increase. The original pressure is smaller than the final pressure, so this 
answer makes sense. 


798.  o35L 


When you’re given a combination of initial and final pressures and volumes at a con- 
stant temperature, the calculations will involve Boyle’s law. Draw a little chart to keep 
track of the quantities and the units: 


P, = 1.50 atm P, = 540 torr 
V =?L V, = 730 mL 


Next, make sure the units match. In this problem, the pressures are in atmospheres 
and torr, and the volumes are in milliliters and liters. Completing the pressure conver- 
sion first will allow the units to cancel when you place the pressures into the equation 
from Boyle’s law: 


es 
_ 1.50 760 torr _ Se 
P= I Xaa 1,140 torr oe 
<n 
Substitute the values into the equation and solve for V;: 
PV, = PV, 
(1,140 torr )V, = (540 torr)(730 mL) 
ye (540 torf )(730 mL) 
a 1,140 torf 
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Give the final answer in liters, with two significant figures: 


_ 350. mE LL 
471 xime 


Make sure your answer is reasonable. The pressure decreased, so the volume should 
increase. The original volume is smaller than the final volume, so this answer makes 
sense. 


799. 7.0 x 10? mL 


When you’re given a combination of initial and final pressures and volumes at a con- 
stant temperature, the calculations will involve Boyle’s law. Draw a little chart to keep 
track of the quantities and the units: 


=0.35 L 


P,=920 mm Hg P,=2.5 atm 
V,=?mL V, = 0.34 L 


Next, make sure the units match. In this problem, the pressures are in millimeters of 
mercury and atmospheres, and the volumes are in liters and milliliters. Do the pres- 
sure conversion first so the units will cancel when you enter them in the equation from 


Boyle’s law: 
_ 2.5 am 760 mmHg _ 
P, =— -* laa =1,900 mm Hg 
Then substitute the values into the equation and solve for V: 
PV, = PV, 


(920 mm Hg)V, = (1,900 mm Hg)(0.34 L) 


tee (1,900 mmHg )(0.34 L) 


an 920 mmHg 
V, =0.70L 
Change the answer from liters to milliliters, giving the answer two significant figures: 
Y= a L LO mL =700 mL =7.0x10? mL 


Last, make sure your answer is reasonable. The pressure increased, so the volume 
should decrease. The original volume is larger than the final volume, so this answer 
makes sense. 


Answers 
701-800 


800. 8.4L 


When you’re given a combination of initial and final volumes and temperatures at a 
constant pressure, the calculations will involve Charles’s law. Draw a little chart to 
keep track of the quantities and the units: 


V =4.2L V,=?L 
T, = 200. K T, = 400. K 
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Next, make sure the temperatures are in kelvins. They are, so substitute the values 


into the equation from Charles’s law and solve for V,, giving your answer two signifi- 
cant figures: 


Vi _ Ve 
T T, 
42L_ V 
200.K  400.K 
(4.2 L)(400. K) = (200. K)V, 
(4.2 L)(400.K) _ 
200.K em 
V, =84L 


This answer makes sense. Volume and temperature are directly proportional, so if the 
temperature increases, then the volume must increase, too. 


801. 240 mL 


When you’re given a combination of initial and final volumes and temperatures at a 
constant pressure, the calculations will involve Charles’s law. Draw a little chart to 
keep track of the quantities and the units: 


V,=? mL V, = 473 mL 
T, = 20.K T, = 40. K 


Next, make sure the temperatures are in kelvins. They are, so substitute the values 


into the equation from Charles’s law and solve for V,, giving your answer two signifi- 
cant figures: 


Vi _ Ve 

Ti T, 
Vi _ 473 mL 
20. K ` 40. K 


V; (40. K) =(20. K)(473 mL) 
(20. K )(473 mL) 
a 40.K 
V; = 240 mL 


This answer makes sense. Volume and temperature are directly proportional, so if the 
original temperature was lower than the final temperature, then the original volume 
was smaller than the final volume, too. 


802. 3.62 L 


When you’re given a combination of initial and final volumes and temperatures at a 
constant pressure, the calculations will involve Charles’s law. Draw a little chart to 
keep track of the quantities and the units: 


Answers 
801-900 


V=?L V,=250L 
T, = 323 K T, = 223 K 
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Next, make sure the temperatures are in kelvins. They are, so substitute the values 
into the equation from Charles’s law and solve for the V,, giving your answer three sig- 
nificant figures: 


Vigo 
Tt, Tf, 
Vi _ 2.50 L 
323 K 223K 
V, (223 K) =(323 K)(2.50 L) 
(323 K )(2.50 L) 
1 223K 
V, =3.62 L 


This answer makes sense. Because volume and temperature are directly proportional, 
an initial temperature that’s higher than the final temperature indicates that the initial 
volume was larger than the final volume. 


803. 5.00 L 


When you’re given a combination of initial and final volumes and temperatures at a 
constant pressure, the calculations will involve Charles’s law. Draw a little chart to 
keep track of the quantities and the units: 


V, = 20.0 L V,=2L 
T, = 300. K T, = 75.0 K 


Next, make sure the temperatures are in kelvins. They are, so substitute the values 
into the equation from Charles’s law and solve for V,, giving your answer three signifi- 
cant figures: 


Vi _ Vo 
L T, 
200L_ V 
300. K 75.0K 
(20.0 L)(75.0 K) = (300. K)V, 
(20.0 L)(75.0K) _ 
300.K T 
V, =5.00 L 


This answer makes sense. The temperature is decreasing, so the volume should be 
decreasing, because at a constant pressure, volume and temperature are directly 
proportional. 


804. 43.3 mL 


When you’re given a combination of initial and final volumes and temperatures at a 
constant pressure, the calculations will involve Charles’s law. Draw a little chart to 
keep track of the quantities and the units: 


Answers 
801—900 
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V, = 50.0 mL V,=?mL 
T, = 100.0°C T, = 50.0°C 


Next, make sure the temperatures are in kelvins. To convert to kelvins, add 273.2 to 
the Celsius temperatures: 


T, = 100.0°C + 273.2 = 373.2 K 
T, = 50.0°C + 273.2 = 323.2 K 


Substitute the values into the equation from Charles’s law and solve for V,, giving your 
answer three significant figures: 


V, Ve 
T, T; 
50.0 mL V, 


373.2 K ` 323.2 K 
(50.0 mL)(323.2 K) = (373.2 K)V, 
(50.0 mL)(323.2K ) 
373.2K 


=V, 
V, = 43.3 mL 
Volume and pressure are directly proportional, so when the temperature decreases, 


the volume also decreases. The final volume of 43.3 mL is less than 50.0 mL, so the 
answer is reasonable. 


805. 114K 


When you’re given a combination of initial and final volumes and temperatures at a 
constant pressure, the calculations will involve Charles’s law. Draw a little chart to 
keep track of the quantities and the units: 


V, = 350. mL V, = 0.100 L 
T, = 127°C T,=?K 


Next, make sure the temperature is in kelvins. To convert the Celsius temperature into 
kelvins, add 273: 


T, = 127°C + 273 = 400. K 


The volumes also need to be in the same unit, so convert the liters into milliliters (or 
alternatively, the milliliters into liters): 


0.100% Y 1,000 mL 
— I 1K 


V, =100. mL 


Next, substitute the values into the equation from Charles’s law and solve for T,: 


Answers 
801—900 
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VY, _ Ve 

T, = T, 
350. mL _ 100. mL 
400.K ` T, 


(350. mL)T, = (400. K)(100. mL) 
r, — (400. K)(100. mt) 
2350. mat 
T, =114K 


In this problem, the volume is decreasing, so the temperature must also decrease. The 
final temperature of 114 K is definitely lower than 400. K, so this answer makes sense. 


806. 519K 


When yov'’re given a combination of initial and final volumes and temperatures at a 
constant pressure, the calculations will involve Charles’s law. Draw a little chart to 
keep track of the quantities and the units: 


V, = 981 mL V, = 1,520 mL 
T, = 335 K T,=?K 


Next, make sure the temperature is in kelvins. It is, so substitute the values into the 
equation from Charles’s law and solve for T,, giving your answer three significant 


figures: 
VY _ Ve 
T T, 
981 mL _ 1,520 mL 
35K TD 


(981 mL)T, =(335 K)(1,520 mL) 
r _ (335 K)(1,520 mat ) 
= 981 mal. 
T, =519 K 


The volume increased in this problem, so the temperature should also increase. The 
final temperature of 519 K is greater than 335 K, so the answer is reasonable. 


807. 1,150 K 


When yov’re given a combination of initial and final volumes and temperatures at a 
constant pressure, the calculations will involve Charles’s law. Draw a little chart to 
keep track of the quantities and the units: 


V =263L V, =627 mL 
T,=7K T, = 275K 


Answers 
801-900 


Next, make sure the temperature is in kelvins, as it is here. Also, both volumes need to 
have the same units so they’ll cancel during the calculations. Converting liters to milli- 
liters requires multiplying by 1,000 mL/1 L: 
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_ 2.63 KY _ 1,000 mL _ 
V= X IZ = 2,630 mL 

Substitute the values into the equation from Charles’s law and solve for T,, giving your 
answer three significant figures: 


noh 
T T, 
2,630 mL _ 627 mL 
T 25K 
(2,630 mL)(275 K) = T; (627 mL) 
(2,630 nat )(275 K) _ 
627 mo E 
T, =1,150 K 


In this problem, the volume is decreasing, so the temperature must also decrease. The 
final temperature of 275 K is definitely smaller than 1,150 K, so this answer makes sense. 


808. 2,140 K 


When you’re given a combination of initial and final volumes and temperatures at a 
constant pressure, the calculations will involve Charles’s law. Draw a little chart to 
keep track of the quantities and the units: 


V, = 90.0 mL V, = 10.0 mL 
T,=?K T, = -35°C 


Next, make sure the temperature is in kelvins. It isn’t, so add 273 to the Celsius 
temperature: 


T, = -35°C + 273 = 238 K 


Substitute the values into the equation from Charles’s law and solve for T,, giving the 
answer three significant figures: 


“Ho 
Ti T, 
90.0 mL _ 10.0 mL 
T, 238K 
(90.0 mL)(238 K)=7;(10.0 mL) 
(90.0 mi )(238 K) ee 
10.0 at Bó 
T, = 2,140 K 


In this problem, the volume is decreasing, so the temperature must also decrease. The 
final temperature of 238 K is definitely smaller than 2,140 K, so this answer makes sense. 


809. 1,500 K 


When you’re given a combination of initial and final volumes and temperatures at a 
constant pressure, the calculations will involve Charles’s law. Draw a little chart to 
keep track of the quantities and the units: 


Answers 
801-900 


Answers 
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V = 750 mL V,=3.0L 
T, = 95°C T,=?K 


Next, make sure the temperature is in kelvins. It isn’t, so add 273 to the Celsius 
temperature: 


T, = 95°C + 273 = 368 K 
You also need to make sure that the volume units are the same, so change the liters to 
milliliters by multiplying by 1,000 mL/1 L (or alternatively, change the milliliters to liters): 
3.0K „ 1,000 mL 
I 1K 


Substitute the values into the equation from Charles’s law and solve for T,, giving your 
answer two significant figures: 


V, = =3,000 mL 


Vee y 
Ti T, 

750 mL _ 3,000 mL 

368K ~ T, 

(750 mL)T, = (368 K)(3,000 mL) 
7, — (368 K)(3,000 mat ) 
2 750 mÉ 

T, =1,500 K 


In this problem, the volume is increasing, so the temperature should also increase. The 
final temperature of 1,500 K is definitely larger than 368 K, so this answer makes sense. 


8 10. 1,350 torr 


When yov’re given a combination of initial and final pressures and temperatures at a 
constant volume, the calculations will involve Gay-Lussac’s law. Draw a little chart to 
keep track of the quantities and the units: 


P, = 900. torr P,=? torr 
T, = 300. K T, = 450. K 


Next, make sure the temperatures are in kelvins. They are, so substitute the values 


into the equation from Gay-Lussac’s law and solve for P,, giving your answer three sig- 
nificant figures: 


wee) 
Ti T, 
= 900. torr P, 
= 300.K ~ 450. K 
I (900. torr )(450. K ) = (300. K )P, 
© 
S (900. torr)(450.K ) 


300.K =P, 


P, =1,350 torr 


In this problem, the temperature is increasing, so the pressure should increase. The 
final pressure of 1,350 torr is greater than 900. torr, so this answer makes sense. 
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811. 15am 


When you’re given a combination of initial and final pressures and temperatures at a 
constant volume, the calculations will involve Gay-Lussac’s law. Draw a little chart to 
keep track of the quantities and the units: 


P,=2.5 atm P,=? atm 
T, = 500. K T, = 300. K 


Next, make sure the temperatures are in kelvins. They are, so substitute the values 


into the equation from Gay-Lussac’s law and solve for P,, giving your answer two signif- 
icant figures: 


PLP, 

T, Tp 
25am_ P 
500. K ~ 300. K 


(2.5 atm)(300. K) = (500. K)P, 


(2.5 atm)(300.K) _ 
500.K o? 


P, =1.5 atm 


In this problem, the temperature is decreasing, so the pressure should decrease. The 
final pressure of 1.5 atm is less than 2.5 atm, so this answer makes sense. 


8 12. 1,280 torr 


When you’re given a combination of initial and final pressures and temperatures at a 
constant volume, the calculations will involve Gay-Lussac’s law. Draw a little chart to 
keep track of the quantities and the units: 


P =? torr P, = 675 torr 
T, = 425K T, = 225 K 


Next, make sure the temperatures are in kelvins. They are, so substitute the values 


into the equation from Gay-Lussac’s law and solve for P,, giving your answer three sig- 
nificant figures: 


P_ P 
L T, 
P, _ 675 torr 
425 K 225 K 


P,(225 K)=(425 K)(675 torr) 


_ (425 K)(675 torr) 
= 225 K 
P, = 1,280 torr 


Answers 
801-900 


In this question, the temperature is decreasing, so the pressure should decrease. The 
initial pressure of 1,280 torr is greater than 675 torr, so the answer makes sense. 
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813. 5.05 atm 


When you’re given a combination of initial and final pressures and temperatures at a 
constant volume, the calculations will involve Gay-Lussac’s law. Draw a little chart to 
keep track of the quantities and the units: 


P =? atm P,=8.10 atm 
T,=315K T, = 505 K 


Next, make sure the temperatures are in kelvins. They are, so substitute the values 


into the equation from Gay-Lussac’s law and solve for P,, giving your answer three sig- 
nificant figures: 


P _ P 
T T, 
P, — 8.10 atm 
315 K 505 K 


P,(505 K)=(315 K)(8.10 atm) 

» _ (315K )(8.10 atm) 
K 505K 

P, =5.05 atm 


The temperature in this question is increasing, so the pressure should increase. The 
answer checks, because the initial pressure of 5.05 atm is less than the final pressure 
of 8.10 atm. 


814. 420 kPa 


When you’re given a combination of initial and final pressures and temperatures at a 
constant volume, the calculations will involve Gay-Lussac’s law. Draw a little chart to 
keep track of the quantities and the units: 


P, = 470 kPa P,=? kPa 
T, =310K T, = 280 K 


Next, make sure the temperatures are in kelvins. They are, so substitute the values 


into the equation from Gay-Lussac’s law and solve for P,, giving your answer two signif- 
icant figures: 


ALP, 
T T, 
470 kPa _ _ P, 
oS 310K 280K 
D2 
F (470 kPa)(280 K)=(310 K)P, 
&S (470 kPa)(280K) _ 
310K ? 


P, = 420 kPa 
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To check this answer, compare the initial temperatures. The temperature is decreas- 
ing, so the pressure should decrease. The final pressure of 420 kPa is less than 470 kPa, 
so this answer makes sense. 


815. 1,760 K 


When you’re given a combination of initial and final pressures and temperatures at a 
constant volume, the calculations will involve Gay-Lussac’s law. Draw a little chart to 
keep track of the quantities and the units: 

P, = 780. mm Hg P, = 1,280 mm Hg 

T, = 801°C T,=?K 


Next, make sure the temperature is in kelvins. It isn’t, so add 273 to the Celsius 
temperature: 


T, = 801°C + 273 = 1,074 K 


Substitute the values into the equation from Gay-Lussac’s law and solve for T,, giving 
your answer three significant figures: 


see 
Ti T, 
780. mm Hg _ 1,280 mm Hg 
1074K T, 
(780. mm Hg)T, = (1,074 K)(1,280 mm Hg) 
_ (1,074 K)(1,280 mmHg ) 
a 780. mmHg 
T, = 1,760 K 


The pressure is increasing, so the temperature should increase. The final temperature 


of 1,760 K is approximately 1,490°C, which is greater than 801°C, so this answer makes 
sense. 


816. 660.°C 


When you’re given a combination of initial and final pressures and temperatures at a 
constant volume, the calculations will involve Gay-Lussac’s law. Draw a little chart to 
keep track of the quantities and the units: 


P, = 1.00 atm P, = 2.50 atm 
T, = 100.°C T,=2°C 


Next, make sure the temperature is in kelvins. It isn’t, so add 273 to the Celsius 
temperature: 


T, = 100.°C + 273 = 373 K 


Answers 
801-900 


Substitute the values into the equation from Gay-Lussac’s law and solve for T,, giving 
your answer three significant figures: 
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faha 
Ti T, 
1.00 atm _ 2.50 atm 
373 K T, 
(1.00 atm)T, = (373 K)(2.50 atm) 
(373 K)(2.50 atrí ) 
a 1.00 atm 
T, = 933 K 


The final temperature needs to be in degrees Celsius, so subtract 273 from the Kelvin 
temperature: 


T, = 933 K — 273 = 660.°C 


To check the answer, note that the pressure increased, so the temperature should 


increase as well. The final temperature of 660.°C is greater than 100.°C, so this answer 
makes sense. 


817. 235 K 


When you're given a combination of initial and final pressures and temperatures at a 
constant volume, the calculations will involve Gay-Lussac’s law. Draw a little chart to 
keep track of the quantities and the units: 


P, = 428 torr P,= 1.25 atm 
T=?K T, = 521 K 


The pressures aren’t in the same unit, so convert one unit to the other. Here’s the con- 
version from torr to atmospheres: 


p,- 428 


ferry. latm _ 
Í x 760 torf ` 0.563 atm 


The temperature is already in kelvins, so substitute the values into the equation from 
Gay-Lussac’s law and solve for T, giving your answer three significant figures: 


B P 
T T, 
0.563 atm _ 1.25 atm 
T 521 K 


(0.563 atm)(521 K)=T;,(1.25 atm) 
(0.563 atm )(521 K) a 
1.25 atin = 
235 K=T, 


The pressure is increasing (going from 0.563 atm to 1.25 atm), so the temperature 
should increase as well. The temperature goes from 235 K to 521 K, so this answer is 
reasonable. 


Answers 
801-900 
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818. -76°C 


When you’re given a combination of initial and final pressures and temperatures at a 
constant volume, the calculations will involve Gay-Lussac’s law. Draw a little chart to 
keep track of the quantities and the units: 


P, = 44.1 psi P, = 2,028 torr 
Gane T,=175K 


The pressures aren’t in the same unit, so convert one unit to the other. Here’s the con- 
version from pounds per square inch to torr: 
p441 psi. 1 atm, 760 torr 
1 1 14.7 psí 1 añ 


The given temperature is already in kelvins, so substitute the values into the equation 
from Gay-Lussac’s law and solve for T,, giving your answer three significant figures: 


= 2,280 torr 


PLP 
T T, 
2,280 torr _ 2,028 torr 
T, ~ 175K 


(2,280 torr )(175 K) = T, (2,028 torr) 


(2,280 torr )(175 K) _ r 
2,028 torr Taol 


197K=T, 


The answer needs to be in degrees Celsius, so take the temperature in kelvins and sub- 
tract 273: 


T, = 197 K - 273 = -76°C 


In this problem, the pressure decreases from 2,280 torr to 2,028 torr, so the tempera- 
ture should also decrease. You see the temperature decreasing from 197 K to 175 K, so 
this answer is reasonable. 


819. 391°C 


When you’re given a combination of initial and final pressures and temperatures at a 
constant volume, the calculations will involve Gay-Lussac’s law. Draw a little chart to 
keep track of the quantities and the units: 


P,=0.612 atm P, = 34.9 in. Hg 
T, =75°C T,=?°C 


First, convert the initial temperature from degrees Celsius to kelvins by adding 273: 
T, = 75°C + 273 = 348 K 


Answers 
801—900 
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The pressures aren’t in the same unit, so convert one unit to the other. Here’s the con- 
version from inches of mercury to atmospheres (1 atm = 29.9 in. Hg): 


p — 0.612 atf , 29.9 in. Hg 
a 1 1 atm 


= 18.3 in. Hg 


Substitute the values into the equation from Gay-Lussac’s law and solve for T,, giving 
your answer three significant figures: 


Disda 
Ti T, 
18.3 in. Hg _ 34.9 in. Hg 
348K ~ T, 
(18.3 in. Hg )T, = (348 K)(34.9 in. Hg) 
7, -68 K)(34.9in-Hg ) 
EE HE 
T, =664 K 


The final temperature needs to be in degrees Celsius, so subtract 273 from the Kelvin 
temperature: 


T, = 664 K — 273 = 391°C 


To check the answer, note that the pressure increases, so the temperature should 
increase as well. The final temperature of 391°C is greater than the initial temperature 
of 75°C, so the final answer makes sense. 


8 2 0. 1.47 atm 


When you're given a combination of initial and final pressures, volumes, and tempera- 
tures for a gas sample, the calculations will involve the combined gas law. The units 
match and the temperatures are in kelvins, so substitute the given values into the 
equation and solve for P,, giving your answer three significant figures: 


PV, _ PV. 
T D 
(2.00 atm)(75.0 mL) _ P,(125 mL) 
223 K =— 273K 


(2.00 atm)(75.0 mL)(273 K) = (223 K)(P,)(125 mL) 
(2.00 atm)(75.0mt-)(273K) _ 
(223K )(125 mt) ? 
1.47 atm = P, 


The final pressure is 1.47 atm. 


821. 77L 


Answers 
801—900 


When you're given a combination of initial and final pressures, volumes, and tempera- 
tures for a gas sample, the calculations will involve the combined gas law. The units 
match and the temperatures are in kelvins, so substitute the given values into the 
equation and solve for V,, giving your answer two significant figures: 
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(970 torr)(4.1L) (760 torr)V, 
273 K ~ 400.K 


(970 torr )(4.1 L)(400. K) = (273 K)(760 torr )V, 
(970 torf )(4.11)(400.K) _ 
(273K)(760terr) = * 
TILEY, 


The final volume is 7.7 L. 


822. 1.7 atm 


When you’re given a combination of initial and final pressures, volumes, and tempera- 
tures for a gas sample, the calculations will involve the combined gas law. The units 
match and the temperatures are in kelvins, so substitute the given values into the 
equation and solve for P,, giving your answer two significant figures: 


PY, _ PV. 
TO n 
P,(327 mL) _ (5.1 atm)(188 mL) 
323K ` 544 K 
P,(327 mL)(544 K) = (323 K)(5.1 atm)(188 mL) 
_ (323K )(5.1 atm)(188 m£ ) 
1 (327m )(544K) 
P, =1.7 atm 


The initial pressure is 1.7 atm. 
823. 320 mL 


When you’re given a combination of initial and final pressures, volumes, and tempera- 
tures for a gas sample, the calculations will involve the combined gas law. The units 
match and the temperatures are in kelvins, so substitute the given values into the 
equation and solve for V,, giving your answer two significant figures: 


PV, _ PV 
T N 
(280 mm Hg)V, _ (760 mm Hg)(50. mL) 
520 K ~ 220 K 


(280 mm Hg)(V,)(220 K) =(520 K)(760 mm Hg )(50. mL) 


_ (520K )(760 mmHg )(50. mL) 
‘(280 mmHg )( 220K) 
V, = 320 mL 


Answers 
801-900 


The initial volume is 320 mL. 


Answers 
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824. 1.68 atm 


When you’re given a combination of initial and final pressures, volumes, and tempera- 
tures for a gas sample, the calculations will involve the combined gas law. Draw a little 
chart to keep track of the quantities and the units: 


P = 4.23 atm P,=? atm 
V, = 1,870 mL V, = 6.01 L 
T, = 293 K T, =373 K 


The volumes aren’t in the same units, so convert the milliliters to liters or the liters to 
milliliters. Here’s the conversion for milliliters to liters: 

_ 1,870 mi nee 

~ 1 1,000 mÉ 


The temperatures are already in kelvins, so substitute the given values into the equa- 
tion for the combined gas law and solve for P,, giving your answer three significant 


V, =187L 


figures: 
PV, _ BV» 
T N 
(4.23 atm)x(1.87L)  P,(6.01 L) 
293 K ~ 373K 


(4.23 atm)(1.87 L)(373 K) = (293 K)(P,)(6.01 L) 
(4.23 atm)(1.87)(373K) _ 
(293K)(6.01L)  ? 
1.68 atm = P, 


The final pressure is 1.68 atm. 


825. 21L 


Remember that standard temperature is 273 K and standard pressure is 1 atm (Note: 
The pressure is an exact number, so it doesn’t affect the number of significant figures 
in the answer). With this info, you have a combination of initial and final pressures, 
volumes, and temperatures for a gas sample, so the calculations will involve the com- 
bined gas law. Draw a little chart to keep track of the quantities and the units: 


P, = 450 torr P,=1 atm 
V,=10.0L V, =?L 
= T,=723K T, = 273K 
a 
e The pressures aren’t in the same units, so convert atmospheres to torr: P, = 1 atm = 
a 760 torr. The temperatures are already in kelvins, so substitute the values into the 


equation for the combined gas law and solve for V,, giving your answer two significant 
figures: 
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PV, _ PV 
T T, 
(450 torr)(10.0 L) _ (760 torr)V, 
773 K ~ 2K 


(450 torr)(10.0 L)(273 K) =(773 K)(760 torr)V, 
(450torF )(10.0L)(273K) _ |, 
(773K )(760terF)  ? 
2.1L=V, 


The final volume will be 2.1 L. 
8 2 6. 16 atm 


When you’re given a combination of initial and final pressures, volumes, and tempera- 
tures for a gas sample, the calculations will involve the combined gas law. Draw a little 
chart to keep track of the quantities and the units: 


P =? atm P,=5.5 atm 
V =0.75L V, = 2,647 mL 
T, = 25°C T, = 100.°C 


Next, make sure the temperatures are in kelvins. They aren’t, so add 273 to the Celsius 
temperatures: 


T, = 25°C + 273 = 298 K 
T, = 100.°C + 273 = 373 K 


Also, you need to convert one of the volume units so that the units match. Here’s the 
conversion from liters to milliliters: 


pan iy LOOO mE = 750 mL 


Substitute the values into the equation for the combined gas law and solve for P,, 
giving your answer two significant figures: 


PV, _ BV, 


T, T, 
P,(750 mL) (5.5 atm)(2,647 mL) 


298 K 373K 
P,(750 mL)(373 K) = (298 K)(5.5 atm)(2,647 mL) 


_ (298K )(5.5 atm)( 2,647 mt ) 
T (750 mč )(373 K ) 
P,=16 atm 


Answers 
801-900 


The original pressure was 16 atm. 
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827. 1,220 mL 


When you’re given a combination of initial and final pressures, volumes, and tempera- 
tures for a gas sample, the calculations will involve the combined gas law. Draw a little 
chart to keep track of the quantities and the units: 


P, =3.00 atm P, = 3,862 mm Hg 
V,=? mL V, = 594 mL 
T, = 300.°C T, = 200.°C 


Next, make sure the temperatures are in kelvins. They aren’t, so add 273 to the Celsius 
temperatures given: 


T, = 300.°C + 273 = 573 K 
T, = 200.°C + 273 = 473 K 


Also, the pressures need to be in the same unit. Here’s the conversion from atmo- 
spheres to millimeters of mercury: 


3.00 atm 760 mm H 
P= x SO = 2,280 mm Hg 


Substitute the values into the equation for the combined gas law and solve for V,, 
giving your answer three significant figures: 


PV, _ PV 
Goo T, 
(2,280 mm Hg)V, _ (3,862 mm Hg)(594 mL) 
573 K J 473 K 


(2,280 mm Hg) (V; )(473 K)=(573 K)(3,862 mm Hg)(594 mL) 


_ (573K )(3,862 mmHg )(594 mL) 
"(2,280 mmHg )( 473 K) 


V, =1,220 mL 


The original volume was 1,220 mL. 
828. 330 K 


When you’re given a combination of initial and final pressures, volumes, and tempera- 
tures for a gas sample, the calculations will involve the combined gas law. Draw a little 
chart to keep track of the quantities and the units: 


P, = 970 torr P,=0.78 atm 
29 
oe V, = 220. mL V,=24L 
Qe 
z8 T, = 50. K T,=? K 


You need to convert the pressure and volume units so they’ll cancel later. Here are the 
conversions from atmospheres to torr and from liters to milliliters: 
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_ 0.78 ae | 760 torr 


P, I “ia 592.8 torr 
yo = 2,400 mL 


Next, substitute the given and converted values into the equation for the combined gas 
law and solve for T,, giving your answer two significant figures: 


PV, _ PV 
T TD 
(970 torr)(220. mL) _ (592.8 torr )(2,400 mL) 


50. K T, 
(970 torr)(220. mL)T, = (50. K)(592.8 torr )(2,400 mL) 
_ (50. K)(592.8 torr )( 2,400 mt ) 


?  (970tərf )(220. ma) 
T, = 330 K 
The gas’s final temperature is 330 K. 


829. 518K 


When you’re given a combination of initial and final pressures, volumes, and tempera- 
tures for a gas sample, the calculations will involve the combined gas law. Draw a little 
chart to keep track of the quantities and the units: 


P, = 35.3 psi P,=6.18 atm 
V = 10.0L V, = 4,290 mL 
T,=?K T,= 572 K 


You need to convert the pressure and the volume units so they'll cancel later. Here are the 
conversions from pounds per square inch to atmospheres and from milliliters to liters: 


1= 


1 x 14.7 psi = 2.40 atm 
4,290 mE LL 
V, = I T A 


The temperature is already in kelvins, so substitute the values into the equation for the 
combined gas law and solve for T,, giving your answer three significant figures: 


PV, _ PV, 
T` T, 
(2.40 atm)(10.0L) _ (6.18 atm)(4.29 L) 
To â = 52K = 
(2.40 atm)(10.0 L)(572 K)=T, (6.18 atm)(0.429 L) Bel 
< 
(2.40 atri )(10.0£)(572 K) __, 
(6.18 aiñ )(4.29K) 
518K =T, 


The initial temperature was 518 K. 
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830. 560. L 


To use Avogadro’s law, you need to know the number of moles of the gas, so use the 
molar mass of helium to convert from grams to moles. Then multiply by 22.4 L/1 mol to 
find the volume of the gas: 


100.gHE 1 mohé _ 22.4 LHe 
L * 4.0026 gHE * ImetHe Or LHe 


831. 12.7 L 


To use Avogadro’s law, you need to know the number of moles of the gas, so use 
the molar mass of carbon dioxide to convert from grams to moles. Then multiply by 
22.4 L/1 mol to find the volume of the gas: 


25.0 gC07 lmoleo; 224 L CO; 
I (12.0107 +2x15.9994) gCO, ~ Imol€0;, 


=12.7LCO, 


83 2. 2.46 x 10% molecules 


Convert the volume of the nitrogen gas to moles using 22.4 L = 1 mol (at standard tem- 
perature and pressure). Then multiply by Avogadro’s number to find the number of 
molecules: 


9.14LN; p 1mo; „6022 x10” molecules N, 
1 “24N ImoFN; 


= 2.46 x10” molecules N, 


833. 27.14 g 


First, determine the number of moles of methane gas using 22.4 L = 1 mol (at standard 
temperature and pressure). The multiply by the molar mass of CH, to find the mass of 
the sample: 


37.89 LOH; 1 moleHy (12.0107 +4x1.00794) g CH, 
I 22.4 LCH, 1 mol€H, 


=27.14 g CH, 


834. 110. L 


Avogadro’s law states that the volume of a gas is proportional to the number of moles 
present (assuming the pressure and temperature are constant). One way of using 
Avogadro’s law is through the following relationship: 

yvy 

n M 


Here are the given values from the question: 


Answers 
801—900 


V, =55.0L V,=?L 


n, = 2.10 mol n, =? mol 
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Calculate the number of moles of NO, produced using the mole ratio from the balanced 
equation. You have 2 mol of NO, for every mole of N,O,: 


n 2.10 molNO; 2 mol NO, 
a 1 1 moO; 


= 4.20 mol NO, 


Enter your numbers in Avogadro’s relationship and solve for V,, the volume of NO, gas 
produced. Give your answer three significant figures. 
Viv 
n Mh 
55.0L _ V 
2.10 mol 4.20 mol 
(55.0 L)(4.20 mol) =(2.10 mol)V, 
(55.0 L)(4.20 mol) 
2.10 mot 
110. L=V, 


= V, 


The reaction produces 110. L of NO,. 
835. 18.6 L 


Avogadro’s law states that the volume of a gas is proportional to the number of moles 
present (assuming the pressure and temperature are constant). One way of using 
Avogadro’s law is through the following relationship: 

Yi Vo 

n ny 


Here are the given values from the question: 


V,=124L V,=?L 


n, = 0.296 mol n, =? mol 


Calculate the number of moles produced using the mole ratio from the balanced equa- 
tion. You have 3 mol of O, for every 2 mol of O,: 


, _ 0.296 moO; 3 mol O, = 0.444 mol O 
i Dol; ; 2 


Next, substitute the values into Avogadro’s relationship and solve for V,, the volume of 
O, gas produced. Give your answer three significant figures. 
voy 
nm Mh 
124L __ V 
0.296 mol 0.444 mol 


© 
(12.4 L)(0.444 mol) = (0.296 mol)V, S 
l 
(12.4 L)(0.444 mol) $8 
0.296 mol 
18.6 L=V, 


The reaction produces 18.6 L of O,. 
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836. 13.1 atm 


After reading the question, list all the given information. You know the volume, number 
of moles of the gas, and temperature, and you want to find the pressure, so using the 
ideal gas law makes sense. 


P=? atm 
V=12.5L 
n = 5.00 mol 
T= 400. K 


Rearrange the ideal gas law to solve for P, and then enter the given values and R = 
0.0821 L-atm/K-mol in the equation. Give your answer three significant figures: 


PV =nRT 
_ nRT 
P= 
(5.00 mor )( 0.0821% -atm )(400.k ) 
ae 12.54% 
P=13.1 atm 


The pressure of the gas sample is 13.1 atm. 


837. 196 L 


After reading the question, list all the given information. You know the pressure, 
number of moles of the gas, and temperature, and you want to find the volume, so 
using the ideal gas law makes sense. 


P=0.747 atm 
V=?L 
n=8.91 mol 
T= 200. K 


Rearrange the ideal gas law to solve for V, and then enter the given values and R = 
0.0821 L-atm/K-mol in the equation. Give your answer three significant figures: 


Answers 


PV =nRT 
RT 
v="5- 
=] L- atin 
S y (8.91 snot) 0.0821 1-2 )(200. x) 
= ~ 0.747 atm 
z V=196 L 


The volume of the gas is 196 L. 
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838. 0.0613 mol 


After reading the question, list all the given information. You know the pressure, 
volume, and temperature, and you want to find the number of moles, so using the ideal 
gas law makes sense. 


P = 3.00 atm 
V= 500.0 mL 
n=? mol 
T= 298 K 


Rearrange the ideal gas law to solve for n, the number of moles, and then enter the 
given values (converting milliliters to liters) and R = 0.0821 L-atm/K-mol in the equa- 
tion. Give your answer three significant figures: 


PV =nRT 
PV 
RT” 
(3.00 atri )(0.5000£) 
K - ae 7 
(0.0821 Kat \(298K) 
0.0613 mol =n 


The gas sample contains 0.0613 mol of helium. 


839. 230 K 


After reading the question, list all the given information. You know the pressure, 
volume, and number of moles of the gas, and you want to find the temperature, so 
using the ideal gas law makes sense. 


P=4.1 atm 
V=28L 
n= 0.60 mol 
T=?K 


Rearrange the ideal gas law to solve for the temperature 7, and then enter the given 
values and R = 0.0821 L-atm/K-mol in the equation. Give your answer two significant 


figures: 

PV =nRT 
PV 2S 
nRT oe 
el 
Sake sy = 

(0.60 mo{ 0.0821 K snot } 
230 K=T 


The gas’s temperature is 230 K. 
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840. 1,060 L 


After reading the question, list all the given information. You know the pressure, 
number of moles of the gas, and temperature, and you want to find the volume, so 
using the ideal gas law makes sense. 


P= 1.50 atm 
V=?L 

n = 40.6 mol 
T= 205°C 


Convert the temperature from degrees Celsius to kelvins: 
T = 205°C + 273 = 478 K 


Rearrange the ideal gas law to solve for V, and then enter the given and calculated 
values and R = 0.0821 L-atm/K-mol in the equation. Give your answer three significant 


figures: 
PV =nRT 
-nRT 
Karp 
L- a 
(40.6 mol (00821 \(478x ) 
y=- K -mol 
1.50 atm 
V =1,060 L 


The volume of the carbon dioxide gas is 1,060 L. 


841. 195 K 


After reading the question, list all the given information. You know the pressure, 
volume, and number of moles of the gas, and you want to find the temperature, so 
using the ideal gas law makes sense. 


P= 6.98 psi 
V=11.2L 

n = 0.333 mol 
T=?K 


Convert the pressure to atmospheres by multiplying the pounds per square inch by 
1 atm/14.7 psi: 


6.98 psi x-latm_ -0.475 atm 


pz 1 14.7 psi 


Answers 
801—900 


Rearrange the ideal gas law to solve for T, and then enter the given and calculated 
values and R = 0.0821 L-atm/K-mol in the equation. Give your answer three significant 
figures: 
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PV =nRT 
PV 
pT 

(0.475 ate )(11.2 £) , 
K- a \ 

(0.333 mot )( 0.0821 kant ) 

195 K=T 


The temperature of the gas sample is 195 K. 


842. 0.0944 mol 


After reading the question, list all the given information. You know the pressure, 
volume, and temperature, and you want to find the number of moles of the gas, so 
using the ideal gas law makes sense. 


P=672 torr 
V= 3,050 mL 
n=?mol 
T=75°C 


Convert the pressure, volume, and temperature into units that will cancel with the 
units in the gas constant R: atmospheres, liters, and kelvins: 


_ 672 torr latm _ 

P= I x 760 tert ~ 0.884 atm 
_ 3,050 mat 1L 

V= I X T000 7 = 3.05 L 


T = 75°C + 273 = 348 K 


Rearrange the ideal gas law to solve for n, the number of moles, and then enter the 
given and calculated values and R = 0.0821 L-atm/K-mol in the equation. Give your 
answer three significant figures: 


PV =nRT 
PV _ 
RT” 
(0.884 atri )(3.05£) 
K- a 7 
(0.0821 K atn \(348K) 
0.0944 mol =n 


The sample contains 0.0944 mol of oxygen gas. 


843. 2.43 atm 


After reading the question, list all the given information. You know the volume, number 
of grams of the gas (which you can convert to moles), and temperature, and you want 
to find the pressure, so using the ideal gas law makes sense. 


Answers 
801—900 
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Answers 
801-900 


P=? atm 
V= 75.0 mL 
n=? mol 
m= 0.618 g 
T=255K 


Convert the volume from milliliters to liters (so that the unit will cancel with the volume 
unit in the gas constant R). Also convert the grams to moles, using twice the molar 
mass of chlorine because there are two chlorine atoms per molecule of chlorine gas: 


75.0 pal 1L 
Va x hace = 0.0750 L 
n= 061880 Amol Cl, _ 9.99879 mol Cl, 


1 (2x35.453 g&5 ) 


After all that, rearrange the equation for the ideal gas law to solve for P, and then enter 
the given and calculated values and R = 0.0821 L-atm/K-mol in the equation. Give your 
answer three significant figures: 


PV =nRT 
_ nRT 
ney 
(0.00872 sot (0.0821 A atm, )(255 K) 
P= 
0.0750 X 
P = 2.43 atm 


The pressure of the chlorine gas is 2.43 atm. 


16 g/mol 


To find the molar mass given the number of grams, the pressure, the volume, and the 
temperature, you need to find the number of moles of the gas. Identify the given infor- 
mation first: 


P= 0.90 atm 
V=555L 
n=? mol 
m= 261g 
T=373K 


Solve the ideal gas law for n, and then enter the given values and R = 0.0821 L-atm/ 
K-mol in the equation: 
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(0.90 atm )(555 £) 


=n 
Latent 
(0.0821 K mol )(373x) 


16.3 mol=n 


To find the gas’s molar mass, divide the number of grams by the number of moles. 
Give your answer two significant figures (because the pressure has only two significant 
figures): 


_m_ 261 g 
MM = n 16.3 mol 


The molar mass is 16 g/mol. 


845. 44.0 g/mol 


To find the molar mass given the number of grams, the pressure, the volume, and the 
temperature, you need to find the number of moles of the gas. Identify the given infor- 
mation first: 


=16 g/mol 


P= 1.05 atm 
V=11.3L 
n=?mol 
m=12.15g 
T= 523 K 


Solve the ideal gas law for n, the number of moles, and then enter the given values and 
R = 0.0821 L-atm/K-mol in the equation: 


PV =nRT 
PV- 
RT 

(1.05 atr )(11.3£) 


(0.0821 ram }(s2s K) 


0.276 mol=n 


To find the gas’s molar mass, divide the number of grams by the number of moles. 
Give your answer three significant figures: 


_m_ 12.15 g 
MM = n = 0.276 mol 


The molar mass of the gas is 44.0 g/mol. 
8 46. 847 torr 


Given the individual partial pressures, using Dalton’s law is the best way to solve this 
problem. Enter the partial pressures in the equation and do the math: 


n 


= 44.0 g/mol 


Answers 
801-900 


Answers 
801-900 
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Pota = Px, + Po, + Phe 
= 255 torr+ 491 torr+101 torr 
= 847 torr 


847. 3.38 atm 


Given the individual partial pressures, using Dalton’s law is the best way to solve this 
problem. First, convert the torr to atmospheres: 


567 torf x atm 
1 760 torr 
_ 843 torf latm = 
„= I X760 torf 7 |1! 3™ 


Pa, = 


= 0.746 atm 


P; 


Then enter your numbers into the formula for Dalton’s law, giving your answer two 
decimal places: 


Protat = Par + Por, + Pr, 
=1.52 atm + 0.746 atm +1.11 atm 
= 3.38 atm 


848. 2.99 atm 


Given the ratio of the partial pressures (7:3:2) and the total pressure, set up an alge- 
braic equation to determine the partial pressure of any of the gases: 


Poia =P, +P, +P, 
Pota = (X+3x42x 
5.12 atm =12x 
0.427 atm = x 
Now substitute in the value of x and calculate the partial pressure of P, giving your 
answer three significant figures: 
P,,=7x 
= 7(0.427 atm) 
= 2.99 atm 


849. 1.63 atm 


Given the total pressure and some partial pressures, using Dalton’s law is the best way 
to solve this problem. Substitute in the given values and solve for the partial pressure 
of O,, giving your answer two decimal places: 


Prota = Pso, + Pso, + Po, 
4.42 atm =1.77 atm +1.02 atm + Po, 
1.63 atm = Po, 
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8 5 0. 493 torr 


The number of moles is proportional to the pressure of the gas (from the ideal gas 

law), so you can use the mole fraction (%,„) to solve for the partial pressure of the pro- 

pane. First, find the total number of moles in the sample by adding the given values: 
Nota = 9-822 mol + 0.282 mol + 0.550 mol = 1.654 mol 


Next, multiply the mole fraction of propane by the total pressure to get the partial 
pressure due to propane. Give your answer three significant figures: 
Propane = X propane x Protal 
n 


_ ‘*propane 
= n x Protal 
total 


B 0.550 mol 
~ 1.654 mol 
= 493 torr 


x 1,482 torr 


85 1. 1.31 atm 


Each gas exerts a partial pressure proportional to the amount of gas present, so first 
determine the number of moles of N,: 


_ 15.0 g Ny : 1 mol N, 
5—1 (74.0067 x 2) gNo 
= 0.535 mol N, 


Ny 


Then you can use the ideal gas law to determine the partial pressure due to the nitro- 


gen gas. Don’t forget to convert the temperature to kelvins by adding 273 to the Celsius 
temperature: 


T = 25°C + 273 = 298 K 


Then enter the numbers in the ideal gas law and solve for the partial pressure of N,. 
Give your answer three significant figures: 


PV =ny,RT 
Ny, RT 
Py, = w 
(0.535 mot )( 0.0821 ¥ atm) 298 ) 
Py, = 
i 10.0 ¥ 
Py, =1.31 atm 


852. 2.84 atm 


Each gas exerts a partial pressure proportional to the amount of gas present, so first 
determine the number of moles of each gas. Divide the given masses by the molar 
masses of N, and O,: 


Answers 
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15.0 g Nz 1 mol N, 
Ny, = i *(74.0067x2) gN 0° mol N, 
20.0 305 1 mol O, 
-= = 0.625 mol 
May 1 “saax gaz ~ 62° mol Oz 


Then use the ideal gas law, PV = nRT, to determine the partial pressure of each gas. 
Don’t forget to convert the temperature to kelvins by adding 273 to the Celsius 
temperature: 


T = 25°C + 273 = 298 K 


Now substitute the values for N, into the ideal gas law and solve for the pressure 
(remember that the gas constant R = 0.0821 L-atm/K-mol): 


Py,V = ny,RT 
ny, RT 
Py, = 
(0.535 mol ( 0.0821 K -atm \(298 K) 
Py, = 
2 10.0K 
Py, =1.31 atm 
Use the ideal gas law again to find the partial pressure of O,: 
PoV = No, RT 
No, RT 
P = a 
(0.625 mot )( 0.0821 Kate )(298x) 
Po, = 
: 10.0K 
Po, =1.53 atm 


Then use Dalton’s law. Determine the total pressure by adding together the two partial 
pressures, giving your final answer two decimal places: 


Pota = Px, + Po, 
=1.31 atm +1.53 atm 
= 2.84 atm 
853. 731.8 torr and 10.7 g NH,NO, 
Find the partial pressure due to the nitrogen gas using Dalton’s law: 
P, total — P, N, t P, water vapor 
= P otal =P water vapor — P, N, 
S 757.0 torr — 25.21 torr = Py, 
5 731.8 torr = Py, 


Next, calculate the number of moles of ammonium nitrate using the ideal gas law, 
PV = nRT (remember that the gas constant R = 0.0821 L-atm/K-mol): 
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(731.8 torr)(4.25L) : 
(0.0821 Ķ -atm (26) 


K-mol 


The units need to cancel, so convert the torr to atmospheres by multiplying by 
1 atm/760 torr and convert the 26°C to kelvins by adding 273: 


(BLS ser» 1 atin (42s £) 


1 760 torf E 
K - atr 7 
(0.0821 K mot |(26+273 K) 
0.167 mol=n 


Last, use stoichiometry to find the mass of ammonium nitrite using the mole ratio and 
the molar mass of ammonium nitrite. Give your answer three significant figures: 


0.167 mol; : 1 mol NH;NO, 
A I 1 moh; 
(14.0067 + (4x 1.00794) + 14.0067 + (2 x 15.9994))g NH,NO, 
x 
1 mol NHNO, 


m=10.7 g NH,NO, 
854. 742.6 torr and 0.485 g KCI 


First, write and balance the chemical equation that represents the reaction. Here’s the 
unbalanced equation: 


KCIO; (g)> KCI(g)+0,(g) 


Balance the oxygen by multiplying the KCIO, by 2 and the O, by 3: 
2KCIO3(g)—> KCl(g)+30,(g) 


And then balance the potassium and the chlorine by multiplying the KCI by 2: 
2KCIO;(g)—> 2KCI(g)+30,(g) 


Now find the partial pressure due to the oxygen gas using Dalton’s law: 
Pota = Po, +P, 


water vapor 


Pota -P water vapor — P (0p 


762.0 torr -19.83 torr = Po, 
742.6 torr = Po, 


Next, calculate the number of moles of oxygen gas using the ideal gas law, PV = nRT, 
where R is a constant equal to 0.0821 L-atm/K-mol: 
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PV =nRT 
PV 2 
RT” 


(742.6 torr )(242 mL) 
L-atm any 
(0.0821 atm \(22 cj 


The units need to cancel, so convert the torr to atmospheres by multiplying by 
1 atm/760 torr, convert the milliliters to liters by multiplying by 1 L/1,000 mL, and 
convert the 22°C to kelvins by adding 273: 


742.6terf lañ \(242mC 1V 
1 “760terr || 1 %100mE ) 
K - a 7 

(0.0821 aa )(22+273x) 


9.76x10° mol=n 


Last, use stoichiometry to find the mass of potassium chloride using the mole ratio 
and the molar mass of potassium chloride. Give your answer three significant figures: 


m- 276x10 moO; |. 2MeHKCT (39.0983 +35.453)g KCI 


I 3 mol, ~ ImoHKCI 
m = 0.485 g KCl 
855. O,, because it has the smaller molar mass 


According to Graham’s law, the gas with the smaller molar mass effuses/diffuses faster, 
so the gas with the larger molar mass must diffuse at a slower rate. O, has a molar 
mass of about 2(16 g/mol) = 32 g/mol, and argon has a molar mass of about 39 g/mol, 
so the oxygen gas must effuse faster. 


8 5 6. CO,, because it has the larger molar mass 


According to Graham’s law, the gas with the smaller molar mass effuses/diffuses faster, 
so the gas with the larger molar mass must effuse at a slower rate. The molar mass of 
CO, is about 12 g/mol + 2(16 g/mol) = 44 g/mol, and the molar mass of NH, is about 

14 g/mol + 3(1 g/mol) = 17 g/mol, so the carbon dioxide must effuse more slowly. 


857. SO, effuses 1.0261 times as fast as ClO,. 


According to Graham’s law, the gas with the smaller molar mass, SO,, will effuse faster. 
To find the ratio of the rates of the two gases, substitute one molar mass (MM) of each 
gas into the formula: 


rateso, _ |MM qo, 
rate qo, MM 50, 


__ [35.453 + 2(15.9994) 
~ 432.065 + 2(15.9994) 


_ [67.452 
~ ¥ 64.063 


= 1.0261 
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The answer must be greater than 1, because you’re comparing the rate of the faster gas 
to the rate of the slower one. If your answer is less than 1, you likely placed the wrong 
gas in the denominator, and the answer is the reciprocal to the one you obtained. 


858. 122 L HCI 


At standard temperature and pressure, you can use the molar volume of a gas for stoi- 

chiometry, because Avogadro’s law proportionally relates the volume to the number of 
moles of a gas. Using 22.4 L = 1 mol of a gas and the mole ratio from the balanced equa- 
tion, you can convert from liters H, to liters HCl using the following map: 


liters H, > moles H, — moles HCI > liters HCl 


Here are the calculations: 


y=- 60.9LH7 lmoHt,  2MeHHC] | 22:41 HCI 
1 22,4 LH; l1moHt; ` lmeHicl 
= 122 L HCI 
Or you can use the relationship that for every liter of H, consumed, 2 L of HCI is formed: 


y- 00.91 2 LHC! _ 199 1 HCI 
I ILH; 


859. 1,790 g Hg 


First, write the reaction: 
HgO > Hg +0, 

Now balance it. To balance the oxygen atoms, multiply the HgO by 2: 
2HgO > Hg +0, 


Next, balance the mercury atoms by multiplying the Hg on the products side by 2: 
2HgO > 2Hg +0, 


Verify that the atoms on each side of the arrow are equal to each other. 


Next, calculate the mass of mercury using molar volume (22.4 L/mol), the mole ratio 
(from the balanced chemical equation), and molar mass (from the atomic masses on 
the periodic table): 


mE 100.07 1m0; 2moHig 200.59 g Hg 


I 22.416; 1m0; ~ ImolHg 
= 1,790 g Hg 


860. _— 28410, 


First, write the reaction: 
H0; >H,0+0, 
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Then balance it. To balance the oxygen atoms, multiply the water by 2; this gives you 
an even number of oxygen atoms on the products side: 


H,O, > 2H,0+0, 
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Next, balance the hydrogen atoms by multiplying the hydrogen peroxide on the reac- 
tant side by 2: 


2H,0, > 2H,0+0, 
Verify that the atoms on each side of the arrow are equal to each other. 


Next, calculate the volume of oxygen gas produced using molar volume (22.4 L/mol), 
the mole ratio (from the balanced chemical equation), and molar mass (from the 
atomic masses on the periodic table): 


y — 86280; 1 moO; „D0, | 22.410, 
I (1.00794x2+15.9994x2)gH;0; 2mo;0;, 1m0; 
=284 LO, 


86l. — 33.3LNH, 


First, write the reaction: 

N; +H; > NH, 
The balance it. Multiply the ammonia by 2 to balance the two atoms of nitrogen on the 
reactants side: 

N, +H, > 2NH, 
Multiply the hydrogen on the reactants side by 3 to balance the six atoms of hydrogen 
on the product side: 

N,+3H, > 2NH, 
Verify that the atoms on each side of the arrow are equal to each other. 


Next, find the limiting reactant by comparing the number of moles of each reactant: 
_ 25.0LNz | 1 mol N, 


Ny, Í x 224 LN; =1.12 mol N, 
_50.0LH; 1molH, _ 
Ny, = Í x 24L ` 2.23 mol H, 


You need three times as much H, as N, according to the mole ratio from the balanced 
reaction, so the H, is the limiting reactant. Next, solve for the volume of NH,: 


liters H, —> moles H, —> moles NH, — liters NH, 
Vo. = 50.0 L H7 1mo; „2 molNH; 22.4 LNH; 
NH; ~ 1 22.4LH; 3mo; 1 mol NH; 


= 33.3 L NH; 


8 6 2 a the substance dissolved 


Answers 
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In a solution, the solute is the substance dissolved. It’s normally the component of a 
solution present in a lesser quantity. 
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863. 


864. 


865. 


866. 


867. 


868. 


869. 


870. 


the substance doing the dissolving 


In a solution, the solvent is the substance doing the dissolving. It’s normally the com- 
ponent of a solution present in a greater quantity. 


nitrogen 


Air is a solution of gases. The major component (solvent) is nitrogen, which comprises 
about 80% of air. 


iron 
High-carbon steel — actually, all steel — is a solution containing carbon and other ele- 
ments dissolved in iron. You can consider all alloys to be solutions. For example, ster- 
ling silver is copper dissolved in silver. 

water 


Regular, unflavored vodka is mostly alcohol and water. Because less than half of the 
vodka (40%) is alcohol, water (the major component) must be the solvent. 


a saturated solution 


The solution above the undissolved solid is a saturated solution. No more solid can dis- 
solve in it. 


an unsaturated solution 


The solution above the undissolved solid was a saturated solution. Separating this 
solution and then adding more solvent lowers the concentration to something less 
than saturated: unsaturated. 


a supersaturated solution 


The solution must have been supersaturated. A supersaturated solution is only par- 
tially stable; such solutions spontaneously break down, rejecting any solute in excess 
of what’s present in the saturated solution. If the excess solute is a solid, it appears as 
a precipitate, a solid separating from the solution. 


volume of the solution 


Molarity (M) is the moles of solute per liter (volume) of solution. Multiplying the molar- 
ity of the solution by its volume in liters yields the moles of solute. 
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8 7 1. mass of the solvent 


Molality (m) is the moles of solute per kilogram (mass) of solvent. Multiplying the 
molality of the solution by the solvent’s mass in kilograms yields the moles of solute. 


872. 1.2 x 10-2 ppt Pb% 


To give the concentration of a solution in terms of parts per thousand, express the 
quantity of solute over the quantity of solvent in the same units and multiply the result 
by 1,000. The amount of lead is in grams, so you need to determine the grams of solu- 
tion; the grams of solution is the product of the volume of the solution (mL) and its 
density (g/mL). 


(1.5x10? g Pb”) 
1.00 
(1275m +00 | 


The given concentration of the lead is expressed to two significant figures, which 
limits the final answer to two significant figures. 


(1,000) = 1.2x 107 ppt Pb?* 


8 73. 2.6 ppm DDT 


To give the concentration of a solution in terms of parts per million, express the quan- 
tity of solute over the quantity of solvent in the same units and multiply the result by 
1,000,000, or 10°. The amount of DDT is in grams, so you need to determine the grams 
of solution; the grams of solution is the product of the volume of the solution (mL) and 
its density (g/mL). 


(5.5x10° g DDT) 


(225 0)( OF | 


The given mass of the DDT has two significant figures, which limits the final answer to 
two significant figures. 


874. 11 ppb Hg 


To express the concentration of a solution in terms of parts per billion, express the 
quantity of solute over the quantity of solvent in the same units and multiply the result 
by 1,000,000,000, or 10°. 


In this case, a convenient unit for the quantity is grams. To convert the moles of 
mercury to grams, multiply by the molar mass of mercury from the periodic table 
(200.6 g/mol). To find the quantity of solvent, multiply the volume of the solution by its 
density. Note that to use the density, you first need to convert the volume (liters) to 
milliliters. (Another option is to convert the density to g/L.) 


(85x10 morng | 8 


asy 000s I we | 


(10°) = 2.6 ppm DDT 


Answers 
801-900 


en 


mE 


Chapter 16: Answers and Explanations 339 


The given concentration of the mercury has two significant figures, which limits the 
final answer to two significant figures. 


875. 0.080 M NaNO, 


To determine the molarity of a solution, divide the moles of the solute by the liters of 
solution: 


0.200 mot NaNO = 0,080 M NaNO; 


The given volume (2.5 L) has two significant figures, which limits the answer to two 
significant figures. 


876. 0.07246 M NaOH 


To determine the molarity of a solution, divide the moles of the solute by the liters of 
solution. For this problem, you need to convert the milliliters to liters. 


0.1250 mol NaOH 


(1,725 mt ee =| 


= 0.07246 M NaOH 


The given quantities have four significant figures, which limits the answer to four sig- 
nificant figures. 


877. 0.30 M NaCl 


The molarity is the moles of solute divided by the liters of solution. In this case, you 
need to use the molar mass (58 g/mol) to convert the grams of NaCl to moles. Begin 
the problem by expressing the given information as the grams of NaCl over the volume 
of the solution (L). From this setup, you can see that only the molar mass is needed to 
convert to the appropriate units, because mol/L = M. 


ee 1 mol NaCl 


15L | 58gNaCi - SOM NSE 


The given values all have two significant figures, so the answer has two significant 
figures. 


878. 0.58 mol LiCl 


Multiplying the molarity of a solution by its volume (in liters) gives you the moles of 


solute. In this type of problem, expressing the molarity of the solution in terms of its 
definition (mol/L) is useful: 


( QASmolLicl \(3.5y ) = 0.58 mol LiCl 
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The given values all have two significant figures, so the answer has two significant 
figures. 
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879. 0.61L 


Convert the mass (15 g) to moles using the molar mass of sulfuric acid (98 g/mol) and 
then multiply the result by the reciprocal of the molarity (1/M = L/mol): 


(5 211807 )( eee rana o L 


The given values all have two significant figures, so the answer has two significant 
figures. 


8 8 0. 94.0 g MgCl, 


First, determine the moles of MgCl, by multiplying the molarity of the solution by its 
volume (in liters). In this type of problem, expressing the molarity of the solution in 
terms of its definition (mol/L) is useful. Multiplying the moles of MgCl, by its molar 
mass yields the grams of solute. 


0.564 ; 95.2 g MgCl, 
[ SS ESE ) 1s p) SZ a MEC ) -94.0 g MgCl, 


The given values all have three significant figures, so the answer has three significant 
figures. 


881. soL 


You want the volume of the diluted solution, so rearrange the equation M, V, = M,V, to 
solve for V,. Then enter the numbers and do the math: 
MV, _ (12 MHCT)(1.0 L) 


V, = M, -smua 7O. 


The given values all have two significant figures, so the answer has two significant 
figures. 


882. 38L 


The question asks for the volume of the diluted solution, so rearrange the equation 
M,V, = M,V, to solve for V,. Then enter the numbers: 


Mv, _ (15 MNaOH )(0.50 L) 
(2.0 MNaOH ) 


The given values all have two significant figures, so the answer has two significant 
figures. 


883. 1.4 M HNO, 


You want the molarity of the diluted solution, so rearrange the equation M,V, = M,V, to 
solve for M,. Then enter the numbers and do the math: 


=3.8L 
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_ MV, _ (6.0 MHNO,)(1.5 K) 


M, = = =1.4 M HNO 
mT (65 £) ; 
The given values all have two significant figures, so the answer has two significant 
figures. 
0.60 M H,PO, 


The question asks for the molarity of the diluted solution, so rearrange the equation 
M,V, = M,V, to solve for M,. Both volumes are in milliliters, so you don’t need to con- 
vert the volume units. However, you do need to remember that the final volume, V,, is 
the sum of the two volumes given in the problem. 


_ MV, _ (6.0MH,PO,)(15 sat ) 
Vy (135415) pa 


M, =0.60 M H;PO, 


The given values have a minimum of two significant figures, so the answer has two sig- 
nificant figures. 


0.42 L HCI 


You want the volume of the starting solution, so rearrange the equation M, V, = M,V, to 
solve for V,. Then enter the numbers and do the math: 


M,V, _ (1.0 MHCT)(5.0 L) 


= = =0.42 L 
! M, (12 MHCT) 
The given values all have two significant figures, so the answer has two significant 
figures. 
1.9 x 10? mL 


The question asks for the volume of the starting solution, so rearrange the equation 
M,V, = M,V, to solve for V,. Both the given volume and the volume you want to find are 
in milliliters, so you don’t need to convert the volume units. 


_ MV, _ (3.0 MNO; )(875 mL) 


= A = 1.910? mL 


M, (14MHNO; ) 


The given values have a minimum of two significant figures, so the answer has two sig- 
nificant figures. 


6.49 L 


You want the volume of the diluted solution, so rearrange the equation M, V, = M,V, to 
find V,: 


Answers 
801—900 


_ MV, _ (1.00 MNacT)(1.00 L) 
M,  (0.154MNaCI)  _¢ 4g1, 


The given values all have three significant figures, so the answer has three significant 
figures. 
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888. 20.0 L 


The question asks for the volume of the diluted solution, so rearrange the equation 
M,V, = M,V, to find V; 
MV, _ (1.00 MCa€t; )(5.00 L) 


V= M, (0.250MCaeh) 0) 


The given values all have three significant figures, so the answer has three significant 
figures. 


889. 0.20 m KBr 


Molality (m) is the moles of solute divided by the kilograms of solvent: 


0.25 mol KBr _ 
~ 125kg = 0.20 m KBr 


The given values have a minimum of two significant figures, so the answer has two sig- 
nificant figures. 


890. 7.9 x10 mano), 


Molality (m) is the moles of solute divided by the kilograms of solvent. The mass of the 
solvent is in grams, so convert the grams of water to kilograms. 


0.014 mol Ca(NO;), )( 1,000 4 
i a | Tse ]=79x10* mCa(NO,), 


L775 ¢ 


The given values have a minimum of two significant figures, so the answer has two sig- 
nificant figures. 


891. 0.384 m HCI 


Molality m) is the moles of solute divided by the kilograms of solvent. Use the molar 
mass of HCI (36.5 g/mol) to convert the grams of the solute, HCl, to moles. The grams 
cancel out, so you don’t have to convert grams to kilograms. 


10.5 g HET \( 1 mol HCI | _ 
| 0.750 kg N agii | VAEN 


The given values all have three significant figures, so the answer has three significant 
figures. 


892. 0.24 mol Zn, 


Answers 
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The question asks for the moles of the solute. Molality (m) is the moles of solute 
divided by the kilograms of solvent; therefore, the number of moles present is the 
molality of the solution (0.16 m) multiplied by the kilograms of solvent (1.5 kg). Enter 
the numbers and do the math: 


893. 


894. 


896. 
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The given values have two significant figures, so the answer has two significant figures. 


6.9 g CdCl, 


You want to find the mass of the solute. Molality is the moles of solute divided by the 
kilograms of solvent; therefore, the number of moles present is the molality of the solu- 
tion (0.015 m) multiplied by the kilograms of the solvent (2.5 kg). Multiplying the 
number of moles by the molar mass gives you the mass of the solute in grams. 


Í 0.015 moeder | 2s it irail 


The given values have a minimum of two significant figures; therefore, the answer has 
two significant figures. 


) =6.9 g CdCl, 


3.94 g C.H,,0, 


The question asks for the mass of the solute, glucose, in grams. Molality is the moles of 
solute divided by the kilograms of solvent; therefore, the number of moles present is 
the molality of the solution (0.125 m) multiplied by the kilograms of the solvent, water. 
Multiplying the number of moles by the molar mass gives you the amount of the solute 
in grams. Note that for the units to cancel correctly, you need to convert the grams of 
solvent (175 g) to kilograms; this conversion appears in the second and third terms in 
the following equation: 


(eagen a, ee 


The given values have a minimum of three significant figures, so the answer has three 
significant figures. 


)- 3.94 g C,.H,.0, 


Calcium nitrate is a strong electrolyte, so in solution, it separates into calcium ions and 
nitrate ions. Based on the formula Ca(NO,),, calcium nitrate gives you one calcium ion 
and two nitrate ions, for a total of three ions. The formation of three ions means that 
the van’t Hoff factor, i, is 3. 


It’s lower. 


Weak electrolytes produce fewer ions than similar strong electrolytes; therefore, the 
van’t Hoff factor for weak electrolytes is always less than the van’t Hoff factor for a 
similar strong electrolyte. Nonelectrolytes can’t produce any ions in solution, so they 
always have a van’t Hoff factor of 1. 
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897. 2.79°C 


The general equation for freezing point depression is AT = iK,m. For nonelectrolytes, 
the van’t Hoff factor, i, is 1 because a nonelectrolyte can produce only one molecule in 
solution. Enter the numbers and do the math: 


AT =iK,;m 
=(1)(2 88 1.50m) 
= 2.79°C 


The given values all have three significant figures, so the answer has three significant 
figures. (The van’t Hoff number has no effect on significant figures because it’s an 
exact number in this case.) 


A freezing point depression of 2.79°C means that the solution freezes 2.79°C below the 
normal freezing point of the solvent. 


898. 23.4°C 


The general equation for freezing point depression is AT = iK,m. For nonelectrolytes, 
the van’t Hoff factor, i, is 1. 


AT =iK,;m 
= (M(E | 12.61) 
=23.4°C 


The given values all have three significant figures, so the answer has three significant 
figures. (The van’t Hoff number has no effect on significant figures because it’s an 
exact number in this case.) 


A freezing point depression of 23.4°C means that the solution freezes 23.4°C below the 
normal freezing point of the solvent. 


899. 0.102°C 


The general equation for boiling point elevation is AT = ikK,m. For nonelectrolytes, the 
van’t Hoff factor, i, is 1. To determine the molality of the solution, m, divide the moles of 
solute (isopropyl alcohol) by the kilograms of solvent (water). Here are the calculations: 


AT =iK,m 
: af 0.512°C I 0.200 mol Lat 
Int 1.00 kg 1mo 
(i) 
=0.102°C 
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The given values all have three significant figures, so the answer has three significant 
figures. (The van’t Hoff number has no effect on significant figures because it’s an 
exact number in this case.) 


A boiling point elevation of 0.102°C means that the solution boils 0.102°C above the 
normal boiling point of the solvent. 
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900. 0.108°C 


The general equation for boiling point elevation is AT = iK „m. For nonelectrolytes, the 
van’t Hoff factor, i, is 1. To determine the molality of the solution, m, divide the moles of 
solute (propyl alcohol) by the kilograms of solvent (water). Here are the calculations: 


AT =iK,m 
af 0.512°C { aE | laí 
~ lat 1.75 kg 1mol 
(ie | 
=0.108°C 


The given values all have three significant figures, so the answer has three significant 
figures. (The van’t Hoff number has no effect on significant figures because it’s an 
exact number in this case.) 


A boiling point elevation of 0.108°C means that the solution boils 0.108°C above the 
normal boiling point of the solvent. 


901. 0.915°C 


The general equation for freezing point depression is AT = iK,m. For nonelectrolytes, 
the van’t Hoff factor, i, is 1. To determine the molality of the solution, m, convert the 
grams of ethyl alcohol to moles and divide the result by the kilograms of the solvent. 
Here are the calculations: 


AT =iK,;m 


oae ASE | ate 
kg 


=0.915°C 


The given values all have three significant figures, so the answer has three significant 
figures. (The van’t Hoff number has no effect on significant figures because it’s an 
exact number in this case.) 


A freezing point depression of 0.915°C means that the solution freezes 0.915°C below 
the normal freezing point of the solvent. 


902. 100.673°C 


The general equation for boiling point elevation is AT = ik,m. For nonelectrolytes, the 
van’t Hoff factor, i, is 1. To determine the molality of the solution, m, convert the grams 
of propylene glycol to moles and divide the result by the kilograms of the solvent. Here 
are the calculations: 


Answers 
901-1001 


346 


903. 


9064. 


Answers 
901-1001 
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AT =iK,m 
~(0( 32° | 1a | rag) Fine 
= 0.673°C = 


The given values all have three significant figures, so the answer has three significant 
figures. (The van’t Hoff number has no effect on significant figures because it’s an 
exact number in this case.) 


A boiling point elevation of 0.673°C means that the solution boils 0.673°C above the 
normal boiling point of the solvent, which is water. This solution will boil at 100.000°C + 
0.673°C = 100.673°C. 


0.904°C 


The general equation for boiling point elevation is AT = ik,m. Hydrogen bromide is a 
strong electrolyte producing two ions when put into solution; therefore, the van’t Hoff 
factor, i, is 2. To determine the molality of the solution, m, convert the grams of hydro- 
gen bromide to moles and divide the result by the kilograms of the solvent. 


AT =iK,m 
z (2 Ee I nE I 3g Pash) 
1 
= 0.904°C i 


The given values all have three significant figures, so the answer has three significant 
figures. (The van’t Hoff number has no effect on significant figures because it’s an 
exact number in this case.) 


A boiling point elevation of 0.904°C means that the solution boils 904°C above the 
normal boiling point of the solvent. 


-0.969°C 


The general equation is for freezing point depression is AT = iK,m. For nonelectrolytes, 
the van’t Hoff factor, i, is 1.To determine the molality of the solution, m, convert the 
grams of methyl alcohol to moles and divide the result by the kilograms of the solvent. 
Here are the calculations: 


AT =iK,m 
OBE tie sci) rasan 
kg 


= 0.969°C 
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The given values all have three significant figures, so the answer has three significant 
figures. (The van’t Hoff number has no effect on significant figures because it’s an 
exact number in this case.) 


A freezing point depression of 0.969°C means that the solution freezes 0.969°C below 
the normal freezing point of the solvent, which is water. Therefore, the freezing point is 


0°C — 0.969°C = -0.969°C 


905. -3.69°C 


The general equation for freezing point depression is AT = iK,m. Rubidium chloride is a 
strong electrolyte producing two ions when put into solution, so the van’t Hoff factor 
is 2. To determine the molality of the solution, m, convert the grams of rubidium chlo- 
ride to moles and divide the result by the kilograms of the solvent. Here are the 
calculations: 


AT =iK,;m 


-(2) 1.86°C ){ 15.0 g RbCT \/ 1 mo RbCI 1ní 
laí 0.125 kg 121g RbCl 1mol} RbCI 
15g 
=3.69°C 
The given values all have three significant figures, so the answer has three significant 


figures. (The van’t Hoff number has no effect on significant figures because it’s an 
exact number in this case.) 


A freezing point depression of 3.69°C means that the solution freezes 3.69°C below the 
normal freezing point of the solvent, which is water. This solution will freeze at 


0°C -3.69°C = -3.69°C 
906. 83.40°C 


The general equation for boiling point elevation is AT = ik,m. For nonelectrolytes, the 
van’t Hoff factor, i, is 1. To determine the molality of the solution, m, convert the grams 
of hexane to moles and divide the result by the kilograms of the solvent. Here are the 
calculations: 


AT =iK,m 
= (225 Toe | aoa | [ae 
= 2.70°C K 


The given values all have three significant figures, so the answer has three significant 
figures. (The van’t Hoff number has no effect on significant figures because it’s an 
exact number in this case.) 


A boiling point elevation of 2.70°C means that the solution boils 2.70°C above the 
normal boiling point of the solvent, which is cyclohexane. Thus, the boiling point is 


80.70°C + 2.70°C = 83.40°C 


Answers 
901-1001 
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907. 6.12 atm 


The general equation for osmotic pressure is IIV = inRT or II = iMRT, where II is the 
osmotic pressure, Vis the volume, i is the van’t Hoff factor, n is the number of moles, 
R is the gas constant, Tis the temperature in kelvins, and M is the molarity. 


The problem gives you the number of moles, so use the IV = inRT form. For nonelec- 
trolytes, the van’t Hoff factor is 1. The temperature must be in kelvins, so convert from 
degrees Celsius: T = °C + 273 = 25 + 273 = 298 K. 
Solve the equation TIV = inRT for TI, enter the appropriate values, and do the math: 
_ inRT 
Dey 


(1)(0.125 mot) 0.0821 -at (298k) 
(0.500 X) 


= 6.12 atm 


The values in the calculation all have three significant figures, so the answer has three 
significant figures. (The van’t Hoff number has no effect on significant figures because 
it’s an exact number in this case.) 


908. 30.6 atm 


The general equation for osmotic pressure is IV = inRT or I = iMRT, where II is the 
osmotic pressure, Vis the volume, i is the van’t Hoff factor, n is the number of moles, 
R is the gas constant, Tis the temperature, and M is the molarity. 


You're given the molarity, so use II = (MRT. For nonelectrolytes, the van’t Hoff factor is 1. 
The temperature must be in kelvins, so convert from degrees Celsius: T = °C + 273 = 25 + 
273 = 298 K. 


Enter the appropriate values in the equation and do the math. Expressing the molarity 
in terms of its definition (mol/L) can help you set up the problem correctly. 


I =iMRT 
-p271 \(00821 Xatm, \(298x) 
= 30.6 atm 


The values in the calculation all have three significant figures, so the answer has three 
significant figures. (The van’t Hoff number has no effect on significant figures because 
it’s an exact number in this case.) 


909. 1.75 atm 


The general equation for osmotic pressure is IIV = inRT or II = WMRT, where II is the 
osmotic pressure, Vis the volume, i is the van’t Hoff factor, n is the number of moles, 
R is the gas constant, Tis the temperature, and M is the molarity. 


You can find the number of moles from the mass and molar mass of the solute, so use 
the IIV = inRT form. For nonelectrolytes, the van’t Hoff factor is 1. The temperature 
must be in kelvins, so convert from degrees Celsius: T = °C + 273 = 45 + 273 = 318 K. To 
convert the mass of the solute to moles, multiply by the molar mass. 


Answers 
901-1001 
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Solve the equation IV = inRT for T, enter the appropriate values, and do the math: 


m=0KT 
(6.009) 2 ) (00821 st (38x) 
o (0.275£) 
=1.75 atm 


The values all have three significant figures, so the answer has three significant figures. 
(The van’t Hoff number has no effect on significant figures because it’s an exact 
number in this case.) 


9 10. 3.48 x 10? g/mol 


The general equation for osmotic pressure is IIV = inRT or II = iMRT, where II is the 
osmotic pressure, Vis the volume, i is the van’t Hoff factor, n is the number of moles, 
Ris the gas constant, Tis the temperature, and M is the molarity. 


To find the molar mass, you first need to calculate the number of moles, n, so use the 
TIV = inRT form of the equation. For nonelectrolytes, the van’t Hoff factor is 1. The tem- 
perature must be in kelvins, so convert from degrees Celsius: T = °C + 273 = 37 + 273 = 


310. K. 
Rearrange IIV = inRT and solve for n to find the number of moles: 
-UV 
n=iRT 


(3.00 x 10°° atr )(1.00 £) 


i (1)( 0.0821 Ka }(10.«) 


=1.1787 x10“ mol 


To get the molar mass of the polymer, divide the mass of the sample by the number of 
moles: 


0.410 g 


11787x10 4mo] 248% 10" g/mol 


The values in the calculation all have three significant figures, so the answer has three 
significant figures. (The van’t Hoff number has no effect on significant figures because 
it’s an exact number in this case.) Extra numbers appear in the calculations for the 
intermediate value (moles) to minimize errors due to intermediate rounding. 


911. 17.7 atm 


The general equation for osmotic pressure is IV = inRT or II = iMRT, where II is the 
osmotic pressure, V is the volume, i is the van’t Hoff factor, n is the number of moles, 
Ris the gas constant, Tis the temperature, and M is the molarity. 


You can find the number of moles, n, by multiplying the grams of calcium nitrate by its 
molar mass, so use the IIV = inRT form. This is a strong electrolyte that produces three 
ions per molecule in solution (one calcium ion and two nitrate ions), so the van’t Hoff 
factor is 3. The temperature, 37°C, must be in kelvins, so do the temperature conver- 
sion: T = °C + 273 = 37 + 273 = 310. K. 


Answers 
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To finish the problem, rearrange the equation and enter the appropriate values: 


(2)( (4754 22% } (002a J 0.x) 1,000 sat: 
F (125 mt) í x ) 
=17.7 atm 


The values in the calculation all have three significant figures, so the answer has three 
significant figures. (The van’t Hoff number has no effect on significant figures because 
it’s an exact number in this case.) 


912. — mno, 


Nitric acid (HNO, ) is a strong acid. It’s one of the most commonly encountered strong 
acids, along with hydrochloric acid (HCI), hydrobromic acid (HBr), hydroiodic acid 
(HI), chloric acid (HC10,), perchloric acid (HCIO,), and sulfuric acid (H,SO,). 


913. KOH 


Potassium hydroxide (KOH) is a commonly encountered strong base, as are sodium 
hydroxide (NaOH) and calcium hydroxide (Ca(OH),). Other strong bases are lithium 
hydroxide (LiOH), rubidium hydroxide (RbOH), cesium hydroxide (CsOH), stron- 
tium hydroxide (Sr(OH),), and barium hydroxide, (Ba(OH),). 


914. mno, 


HNO, is nitrous acid. In most cases, if the formula begins with H, the compound is an 
acid. Water (H,O) is a common exception. Seven acids (HNO,, HCI, HBr, HI, HC10,, HC10,, 
and H,SO,) are strong acids — assume all other acids are weak unless told otherwise. 


915. na, 


Ammonia (NH,) and similar compounds are common weak bases. Similar substances, 
including amines such as methylamine (CH,NH,), are organic bases that are also weak. 


916.  cu,oH 


Methanol, CH,OH, is not an acid or a base. Metal hydroxides, such as NaOH, are well- 
known bases. However, when the -OH group is attached to a nonmetal, the hydroxides 
are often neutral compounds. The presence of very electronegative elements can 
cause these otherwise neutral compounds to be acidic. 


917. CH,NH, 


The compound methylamine (CH,NH,) is similar to ammonia (NH,), and like ammonia, 
it’s a weak base. Many compounds containing nitrogen and carbon are weak bases. 


Answers 
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To determine the conjugate base of any acid, simply remove one H+. In this case, HCl - 
H+ leaves Cl-. Never remove more than one H+ to determine the conjugate base. 


919. = ucHO, 


920. NH, 


921. NH, 


To determine the conjugate acid of any base, simply add one H+. In this case, 
C,H3;0, +H* forms HC,H,O,. Never add more than one H+ to determine the conjugate 
acid. 


To determine the conjugate acid of any base, simply add one H+. In this case, NH, + H* 
forms NH,*. Never add more than one H* to determine the conjugate acid. 


To determine the conjugate base of any acid, simply remove one Ht. In this case, NH, — 
H* leaves NH, . Never remove more than one H* to determine the conjugate base. 


922. HPO,” 


To determine the conjugate base of any acid, simply remove one H. In this case, H,PO, - 
H+ leaves H,PO, . Never remove more than one H* to determine the conjugate base. 


923. H,SO,* 


To determine the conjugate acid of any base, simply add one H+. In this case, H,SO, + 
H* forms H,SO,". 


Note: In aqueous solutions, H,SO, is a strong acid; however, stronger acids, such as 
HCIO, exist. The stronger acid is capable of transferring an H* not only to a base but 
also to a weaker acid. This occurs in many aqueous solutions where an acid transfers 
an H* to the base H,O to produce the conjugate acid H,O*. 


924. po, 


925. 2.0 


The ion HPO,” may either lose a hydrogen ion to form PO,* or gain a hydrogen ion to 
form H,PO, . The ability to lose a hydrogen ion makes it a conjugate acid, and the abil- 
ity to gain a hydrogen ion makes it a conjugate base. 


To determine the pH of a solution, you need to know the hydrogen ion concentration. 
For a strong acid such as HNO, (nitric acid), the hydrogen ion concentration is equal 
to the concentration of the acid. Here, [H*] = 0.01 M. Inserting this concentration in the 
PH relationship gives you the following: 


Answers 
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pH =-log[ H* ]=-log[0.01]=2.0 


In this case, converting the concentration to scientific notation, 10-’, and taking the 
negative of the exponent also gives the pH. Because this is an acid, the pH should be 
below 7, which it is. 


If this compound were a weak acid, you’d have to use the K, of the acid to determine 
the hydrogen ion concentration. K, is the equilibrium constant for the ionization of a 
weak acid. 


926. 3.0 


To determine the pOH of a solution, you need to know the hydroxide ion concentra- 
tion. For a strong base such as KOH (potassium hydroxide), the hydroxide ion concen- 
tration is equal to the concentration of the base. In this case, [OH™] = 0.001 M. Inserting 
this concentration in the pOH relationship gives you the following: 


pOH = —log[ OH” ]=-log[ 0.001] = 3.0 
In this case, converting the concentration to scientific notation, 10%, and taking the 


negative of the exponent also gives you the pOH. Because this is an acid, the pOH 
should be below 7, which it is. 


If this compound were a weak base, you’d have to use the K, of the base to determine 
the hydroxide ion concentration. K, is the equilibrium constant for the ionization of a 
weak base. 


927. 12.18 


To determine the pH of a base solution, it’s helpful to find the pOH of the solution first. 
To determine the pOH, find the hydroxide ion concentration. For a strong base such as 
NaOH (sodium hydroxide), the hydroxide ion concentration is equal to the concentra- 
tion of the base. Here, [OH7] = 0.015 M. Inserting this concentration in the pOH rela- 
tionship gives you the following: 


pOH =-log| OH” |=-log[0.015]=1.82 


The last step is to find the pH using the relationship pK, = pH + pOH, where pK, = 
14.000: 


pH = pK, - pOH = 14.000 - 1.82 = 12.18 


Another way to solve the problem is to use the relationship K, = [H*][OH"] = 
1.00 x 10-"*: 


[e Jepo beige 7 eeso M 


pH=-log| H* ]=—log| 6.6667 x10" ]=12.18 


Because this solution is a base, the pH should be above 7, which it is. 


If this compound were a weak base, you’d have to use the K, of the base to determine 
the hydroxide ion concentration. K, is the equilibrium constant for the ionization of a 
weak base. 
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929. 


11.40 


11.8 
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To determine the pOH of an acid solution, it’s helpful to find the pH of the solution 
first. To determine the pH, find the hydrogen ion concentration. For a strong acid such 
as HCI (hydrochloric acid), the hydrogen ion concentration is equal to the concentra- 
tion of the acid. In this case, [H+] = 0.0025 M. Inserting this concentration in the pH 
relationship gives you the following: 


pH =-log| H* ]=—log[ 0.0025] = 2.60 
The last step is to find the pOH using the relationship pK, = pH + pOH, where pK, = 
14.000: 

pOH = 14.000 - pH = 14.000 — 2.60 = 11.40 


Another way to solve the problem is to use the relationship K, = [H*][OH"] = 1.00 x 
10-4, where K,, is the autoionization equilibrium constant for water: 


-J Kua _ 100x10% 2 
[ OH FT sexier Ox M 


pOH =-log| OH” ]=~-log| 4.0x10-” |=11.40 
Because this is an acid, the pH should be below 7 and the pOH should be above 7, 
which they are. 


If this compound were a weak acid, you’d have to use the acid’s ionization constant, 
K,, to determine the hydrogen ion concentration. 


To determine the pH of a base solution, it’s helpful to find the pOH of the solution first. 
To determine the pOH, find the hydroxide ion concentration. For a strong base such as 
Ba(OH), (barium hydroxide), the hydroxide ion concentration is double the concentra- 
tion of the base (double because of the subscript 2). In this case, [OH-] = 2(0.003) = 
0.006 M. Inserting this concentration in the pOH relationship gives you the following: 


pOH = -log[ OH” ]=-log[0.006] = 2.2 
The last step is to find the pH using the relationship pK, = pH + pOH, where pK, = 
14.000: 

pH = pK,- pOH = 14.000 - 2.2 = 11.8 
Because this compound is a base, the pH should be above 7, which it is. 


You can also solve the problem by using the relationship K, = [H*][OH_] = 1.00 x 1074: 


[H*]- ca = 100x10" _ 1 6667x107? M 


pH=-log|H* |=-log| 1.6667x10-” ]=11.8 


If this compound were a weak base, you’d have to use the base’s ionization constant, 
K,, to determine the hydroxide ion concentration. 
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930. 11.30 


To determine the pH of a base solution, it’s helpful to find the pOH of the solution first. To 
determine the pOH, find the hydroxide ion concentration. For a strong base such as 
Sr(OH), (strontium hydroxide), the hydroxide ion concentration is double the concentra- 
tion of the base (double because of the subscript 2). In this case, [OH-] = 2(1.0 x 10-%) = 
2.0 x 10° M. Inserting this concentration in the pOH relationship gives you the following: 


pOH =-log| OH” ]=-logļ[ 2.0x10° ]= 2.70 


The last step is to find the pH using the relationship pK, = pH + pOH, where pK, = 14.000: 
pH = 14.000 — pOH = 14.000 - 2.70 = 11.30 


Because this is a base, the pH should be above 7 and the pOH should be below 7, 
which they are. 


You can also solve the problem by using the relationship K, = [H*][OH7] = 1.00 x 104. 
In this case, 


1. K, _100x10™ : 
[¥ Pra ae SE M 


pH=-log| H* ]=-log[| 5.0x10-? ]=11.30 


If this compound were a weak base, you’d have to use the base’s ionization constant, 
K,, to determine the hydroxide ion concentration. 


931. 0 


To determine the pH of a solution, you need to know the hydrogen ion concentration. 
For a strong acid such as HBr (hydrobromic acid), the hydrogen ion concentration is 
equal to the concentration of the acid. Here, [H+] = 1.0 M. Inserting this concentration 
in the pH relationship gives you the following: 


pH =-log| H* |=-log[1.0]=0 
In this case, converting the concentration to scientific notation, 10°, and taking the neg- 
ative of the exponent also gives you the pH. 
Because the compound is an acid, the pH should be below 7, which it is. 


If this compound were a weak acid, you’d need to use the acid’s ionization constant, 
K,, to determine the hydrogen ion concentration. 


932. 15.18 


To determine the pH of a base solution, it’s helpful to find the pOH of the solution first. 
To determine the pOH, you need the hydroxide ion concentration. For a strong base 
such as NaOH (sodium hydroxide), the hydroxide ion concentration is equal to the 
concentration of the base. In this case, [OH] = 15 M. Inserting this concentration in the 
pOH relationship gives you the following: 


pOH =-log| OH” ]=-log[15]= -1.18 
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2.39 
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The last step is to find the pH using the relationship pK, = pH + pOH, where pK, = 14.000: 
pH = 14.000 — pOH = 14.000 — (-1.18) = 15.18 


You can also solve the problem by using the relationship K,, = [H*][OH7] = 1.00 x 10-™: 


[He ]= Ke = 00x10" _ ¢.6667x107 M 
OH | 


15 
pH = —log| H* |=-log| 6.6667 107° ]=15.18 
Because this compound is a base, the pH should be above 7, which it is. You havea 
very high concentration of a strong base, so it’s possible for the pH to be above 14. 


If this compound were a weak base, you’d have to use the base’s ionization constant, 
K,, to determine the hydroxide ion concentration. 


Acetic acid isn’t one of the strong acids (HNO,, HCl, HBr, HI, HC1O,, HC1O,, and H,SO,), 
so it must be a weak acid. Weak acid calculations need an acid equilibrium constant, 
K,. The generic form of every K, problem is 


CA =H*+CB 
p [H* |[CB] 
amaA 


where CA refers to the conjugate acid and CB refers to the conjugate base. In this case, 
the equilibrium equation and the change in the concentrations are 


HC,H;0, >H+* +C,H;0,7 
1.0- x +x +x 


Entering this information in the K, expression gives you the following: 


p [E [cm0] 
ag [HC,H,0, | 
naos LL 


This is a quadratic equation, and you can solve it as such. But before doing the math, 
think about the problem logically. If the change in the denominator is insignificant, you 
can drop the -x and make the problem easier to solve. 


A simple check is to compare the exponent on the K to the exponent on the concentra- 
tion (in scientific notation). In this case, the exponent on the Kis -5, and the exponent 
on the concentration is 0. If the exponent on the K is at least 3 less than the exponent 
on the concentration (as it is in this case), you can assume that -x in the denominator 
is insignificant. That means you can rewrite the K equation as 


i.7x10° = oT 


x=4.1x10% =[H* | 
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The x value is sufficiently small that 1.0 -x = 1.0, which validates the assumption. 
Finally, use the pH definition: 
pH =-log| H* |=-log| 4.1x10° ]=2.39 


934. 1.66 


Nitrous acid isn’t one of the strong acids (HNO,, HCl, HBr, HI, HC10,, HC1O,, and H,SO,), 
so it must be a weak acid. Weak acid calculations need an acid equilibrium constant, K, 
The generic form of every K, problem is 


CA =H*+CB 
7 [H+ |[CB] 
"Teal. 


where CA refers to the conjugate acid and CB refers to the conjugate base. In this case, 
the equilibrium equation and the change in the concentrations are 


HNO, =H*+NO,” 
10-x +x +x 
Entering this information in the K, expression gives you the following: 


< [Eno] 


«> [HNO,] 


a _ [xlix] 
5.0x10 -Mo -x] 


This is a quadratic equation, and you can solve it as such. But before doing the math, 
think about the problem logically. If the change in the denominator is insignificant, you 
can drop the -x and make the problem easier to solve. 


A simple check is to compare the exponent on the K to the exponent on the concentra- 
tion (in scientific notation). In this case, the exponent on the K is —4, and the exponent 
on the concentration is 0. If the exponent on the Kis at least 3 less than the exponent 
on the concentration (as it is in this case), you can assume that -x in the denominator 
is insignificant. That means you can rewrite the K equation as 


5.0x104 = Ep ] 


x=22x10* =[H"| 


The x value is sufficiently small that 1.0 - x = 1.0, which validates the assumption. 
Finally, use the pH definition: 
pH =-log| H* |=-log| 2.2x107 |= 1.66 


935. 2.38 


Ammonia isn’t one of the strong bases (NaOH, KOH, LiOH, RbOH, CsOH, Ca(OH),, 
Sr(OH),, and Ba(OH),), so it must be a weak base. Weak base calculations need a base 
equilibrium constant, K,. The generic form of every K, problem is 
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CB =OH" +CA 
[ OH |[CA] 


where CA refers to the conjugate acid and CB refers to the conjugate base. For balanc- 
ing purposes, water may be present in the equilibrium chemical equation; however, 
water is also the solvent, so it shouldn’t be in the equilibrium expression. 
In this case, the equilibrium equation and the change in the concentrations are 
NH, + HO 0H +NH,* 
1.0- x +x +x 


Entering this information in the K, expression gives you the following: 
k [ OH” |[ NH," | 
°~ [N ;] 


18x10% = ae 


This is a quadratic equation, and you can solve it as such. But before doing the math, 
think about the problem logically. If the change in the denominator is insignificant, you 
can drop the -x and make the problem easier to solve. 


A simple check is to compare the exponent on the K to the exponent on the concentra- 
tion (in scientific notation). In this case, the exponent on the Kis -5, and the exponent 
on the concentration is 0. If the exponent on the K is at least 3 less than the exponent 
on the concentration (as it is in this case), you can assume that -x in the denominator 
is insignificant. That means you can rewrite the K equation as 


1.8x10° = Ga 


x=4.2x10°=[OH | 
The x value is sufficiently small that 1.0 - x =~ 1.0, which validates the assumption. 


Finally, use the pOH definition: 
pOH = -log| OH“ |=-log[ 4.2x10* |= 2.38 


Hydrocyanic acid isn’t one of the strong acids (HNO,, HCI, HBr, HI, HC1O,, HC1O,, and 
H,SO,), so it must be a weak acid. Weak acid calculations need an acid equilibrium con- 
stant, K,. The generic form of every K, problem is 


CA =H*+CB 
B [ H* |[CB] 
(ea 


where CA refers to the conjugate acid and CB refers to the conjugate base. In this case, 
the equilibrium equation and the change in the concentrations are 


HCN =H* +CN7 
0.100-x +x +x 
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Entering this information in the K, expression gives you the following: 


o or] 


«= TAN] 
-o __[x][x] 
6.2x107 = [0.100—x] 


This is a quadratic equation, and you can solve it as such. But before doing the math, 
think about the problem logically. If the change in the denominator is insignificant, you 
can drop the -x and make the problem easier to solve. 


A simple check is to compare the exponent on the K to the exponent on the concentra- 
tion (in scientific notation). In this case, the exponent on the K is —-10, and the expo- 
nent on the concentration is —1. If the exponent on the Kis at least 3 less than the 
exponent on the concentration (as it is in this case), you can assume that -x in the 
denominator is insignificant. That means you can rewrite the K equation as 


-o _ [x][x] 
6.2x10™° = [0.100] 


x=7.9x10% =[H* | 


The x value is sufficiently small that 1.0 -x = 1.0, which validates the assumption. 
Finally, use the pH definition: 
pH =-log| H* |= -log| 7.9x10* ]=5.10 


937. 2.74 


Acetic acid isn’t one of the strong acids (HNO,, HCI, HBr, HI, HC1O,, HC1O,, and H,SO,), 
so it must be a weak acid. Weak acid calculations need an acid equilibrium constant, 
K,. The generic form of every K, problem is 


CA =H*+CB 
_[H* ][cB] 
[Ca] 


where CA refers to the conjugate acid and CB refers to the conjugate base. In this case, 
the equilibrium equation and the change in the concentrations are 


HC,H,0, —=H* +C,H;0,7 
0.20- x +x +x 
Entering this information in the K, expression gives you the following: 
[H* || C.H;0,° | 
“~~ [HC,H;0, | 


s__[x]lx] 
1.7x10 =T0.20-x] 


This is a quadratic equation, and you can solve it as such. But before doing the math, 
think about the problem logically. If the change in the denominator is insignificant, you 
can drop the -x and make the problem easier to solve. 


Answers 
901-1001 


938. 


2.85 


Chapter 16: Answers and Explanations 359 


A simple check is to compare the exponent on the K to the exponent on the concentra- 
tion (in scientific notation). In this case, the exponent on the K is -5, and the exponent 
on the concentration is —1. If the exponent on the Kis at least 3 less than the exponent 
on the concentration (as it is in this case), you can assume that -x in the denominator 

is insignificant. That means you can rewrite the K equation as 


-s _[x][x] 
1.7x10° = [0.20] 


x=1.8x10 =| Ht | 
The x value is sufficiently small that 1.0 - x =~ 1.0, which validates the assumption. 


Finally, use the pH definition: 
pH = —log| H* |=-log/ 1.8107 |= 2.74 


Periodic acid isn’t one of the strong acids (HNO,, HCI, HBr, HI, HC1O,, HC1O,, and 
H,SO,), so it must be a weak acid. Weak acid calculations need an acid equilibrium con- 
stant, K,. The generic form of every K, problem is 


CA =H*+CB 
_ [ H* |[CB] 
"= TA 


where CA refers to the conjugate acid and CB refers to the conjugate base. In this case, 
the equilibrium equation and the change in the concentrations are 


HIO, = H* +10; 
0.0015-x +x +x 


Entering this information in the K, expression gives you the following: 
o [o] 
«= THO,] 
spase 
X= ~J0.0015— x] 


This is a quadratic equation, and you can solve it as such. But before doing the math, 
think about the problem logically. If the change in the denominator is insignificant, you 
can drop the -x and make the problem easier to solve. 


A simple check is to compare the exponent on the K to the exponent on the concentra- 
tion (in scientific notation). In this case, the exponent on the K is -2, and the exponent 
on the concentration is —3. If the exponent on the K is at least 3 less than the exponent 
on the concentration, you can assume that -x in the denominator is insignificant. That 
doesn’t occur in this case, so you have to solve this equation as a quadratic. 


Write the quadratic equation in standard form: 
(2.8x10*)(0.0015- x) =x? 
(4.2x10%)-(2.8x107)x =x? 
x? +(2.8x107)x—(4.2x10°)=0 
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Then solve for x using the quadratic formula. Here, a = 1, b = 2.8 x 10, and c = -4.2 x 10°: 


_ —b+- vb’ -4ac 


2a 
-(2.8x 102)+ (28x10? )’ —4(1)(-4.2x 10°) 
2(1) 


x 


1.4x10% =[H* ] 


You can neglect the negative root because negative concentrations aren’t possible. 
Finally, use the pH definition: 
pH =-log| H* ]=-log[ 1.410% ]=2.85 


939. 2.68 


Chlorous acid isn’t one of the strong acids (HNO,, HCI, HBr, HI, HC1O,, HC1O,, and 
H,SO,), so it must be a weak acid. Weak acid calculations need an acid equilibrium 
constant, K,. The generic form of every K, problem is 


CA =H*+CB 
_[H* ][cB] 
“ [CA] 


where CA refers to the conjugate acid and CB refers to the conjugate base. In this case, 
the equilibrium equation and the change in the concentrations are 


HClO, =H*+ClO,~ 
0.0025-x +x +x 


Entering this information in the K, expression gives you the following: 


_[H*][c10,"] 


«~~ THCIO, | 
2__ [x][x] 
11x10" = T0025- x] 


This is a quadratic equation, and you can solve it as such. But before doing the math, 
think about the problem logically. If the change in the denominator is insignificant, you 
can drop the -x and make the problem easier to solve. 


A simple check is to compare the exponent on the K to the exponent on the concentra- 
tion (in scientific notation). In this case, the exponent on the K is —-2, and the exponent 
on the concentration is —3. If the exponent on the K is at least 3 less than the exponent 
on the concentration, you can assume that -x in the denominator is insignificant. That 
doesn’t occur in this case, so you have to solve this equation as a quadratic. 


Write the quadratic equation in standard form: 
(1.1x 10 )(0.0025— x)= x? 
2.75 x10 —(1.1x107)x = x? 
x? +(1.1x10*)x-(2.75x10°)=0 
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Then solve for x using the quadratic formula. Here, a = 1, b = 1.1 x 10, and c = -2.75 x 10°: 


_ —b+Vb* —4ac 


2a 
-(1.1x107) + (1.1x107)’— 4(1)(-2.75 10°) 
2(1) 


x 


2.1x10% =[ H* | 


You can neglect the negative root because negative concentrations aren’t possible. 
Finally, use the pH definition: 
pH =-log| H* |=-logļ| 2.1x10° ]=2.68 


Pyridine isn’t one of the strong bases (NaOH, KOH, LiOH, RbOH, CsOH, Ca(OH),, 
Sr(OH),, and Ba(OH),), so it must be a weak base. Weak base calculations need a base 
equilibrium constant, K,. The generic form of every K, problem is 


CB OH" +CA 
OH” [CA] 
x=! a 


where CA refers to the conjugate acid and CB refers to the conjugate base. For balanc- 
ing purposes, water may be present in the equilibrium chemical equation; however, 
water is also the solvent, so it shouldn’t be in the equilibrium expression. 


In this case, the equilibrium equation and the change in the concentrations are 
C;H;N+H,O =OH +C;H;NH* 
1.0-x +x +x 
Entering this information in the K, expression gives you the following: 
a [ OH- || C;H;NH* | 
a [C;H;N] 


This is a quadratic equation, and you can solve it as such. But before doing the math, 
think about the problem logically. If the change in the denominator is insignificant, you 
can drop the -x and make the problem easier to solve. 


A simple check is to compare the exponent on the K to the exponent on the concentra- 
tion (in scientific notation). In this case, the exponent on the K is -9, and the exponent 
on the concentration is 0. If the exponent on the K is at least 3 less than the exponent 
on the concentration (as it is in this case), you can assume that -x in the denominator 
is insignificant. That means you can rewrite the K equation as 

x] 


1.7x10° le 


x=4.1x10° =[OH™ | 
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The x value is sufficiently small that 1.0 -x = 1.0, which validates the assumption. 
Finally, use the pOH definition: 
pOH=-log| OH- |= -log[ 4.1107 ]= 4.39 


941. 11.20 


Ammonia isn’t one of the strong bases (NaOH, KOH, LiOH, RbOH, CsOH, Ca(OH),, 
Sr(OH),, and Ba(OH),), so it must be a weak base. Weak base calculations need a base 
equilibrium constant, K,. The generic form of every K, problem is 


CB =OH +CA 
[ OH” ][CA] 


where CA refers to the conjugate acid and CB refers to the conjugate base. For balanc- 
ing purposes, water may be present in the equilibrium chemical equation; however, 
water is also the solvent, so it shouldn’t be in the equilibrium expression. 


In this case, the equilibrium equation and the change in the concentrations are 
NH; +H,O 0H +NH,* 
0.15- x +x +x 
Entering this information in the K, expression gives you the following: 
Ea [ OH” |[ NH," ] 
[NH; | 
3 x || x 
1.8x10° = eea 


This is a quadratic equation, and you can solve it as such. But before doing the math, 
think about the problem logically. If the change in the denominator is insignificant, you 
can drop the -x and make the problem easier to solve. 


A simple check is to compare the exponent on the K to that of the concentration (in 
scientific notation). In this case, the exponent on the K is -5, and the exponent on the 
concentration is —1. If the exponent on the K is at least 3 less than the exponent on 
the concentration (as it is in this case), you can assume that -x in the denominator is 
insignificant. That means you can rewrite the K equation as 


-s _[x][x] 
1.8x10 = To.15] 


x=1.6x10°=[OH | 
The x value is sufficiently small that 1.0 - x ~ 1.0, which validates the assumption. 
Find the pOH using the pOH definition: 
pOH =-log| OH“ |=-logļ| 1.6x 10 |= 2.80 
Finally, find the pH using the relationship pK, = pH + pOH, where pK, = 14.000: 
pH = pK, - pOH = 14.000 — 2.80 = 11.20 
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12.56 


1.38 


Methylamine isn’t one of the strong bases (NaOH, KOH, LiOH, RbOH, CsOH, Ca(OH),, 
Sr(OH),, and Ba(OH),), so it must be a weak base. Weak base calculations need a base 
equilibrium constant, K,. The generic form of every K, problem is 


CB 0H" +CA 
[ OH- [CA] 


where CA refers to the conjugate acid and CB refers to the conjugate base. For balanc- 
ing purposes, water may be present in the equilibrium chemical equation; however, 
water is also the solvent, so it shouldn’t be in the equilibrium expression. 


In this problem, the equilibrium equation and the change in the concentrations are 
CH,NH, + H0 == OH +CH;NH;* 
2.5- x +x +x 
Entering this information in the K, expression gives you the following: 
[ OH- || CH,NH;* | 
P [CH;NH;] 


5.2x10“ = Ha 


This is a quadratic equation, and you can solve it as such. But before doing the math, 
think about the problem logically. If the change in the denominator is insignificant, you 
can drop the -x and make the problem easier to solve. 


A simple check is to compare the exponent on the K to the exponent on the concentra- 
tion (in scientific notation). In this case, the exponent on the K is —4, and the exponent 
on the concentration is 0. If the exponent on the K is at least 3 less than the exponent 
on the concentration (as it is in this case), you can assume that -x in the denominator 
is insignificant. That means you can rewrite the K equation as 


5.2x104 = Le 


x=3.6x107 =| OH | 


The x value is sufficiently small that 1.0 - x =~ 1.0, which validates the assumption. 
Use the pOH definition to find the pOH: 
pOH = -log| OH” |=-logļ| 3.6x107 |= 1.44 


Finally, find the pH using the relationship pK, = pH + pOH, where pK,, = 14.000: 
pH = pK,- pOH = 14.000 — 1.44 = 12.56 


Chlorous acid isn’t one of the strong acids (HNO,, HCI, HBr, HI, HC1O,, HC1O,, and 
H,SO,), so it must be a weak acid. Weak acid calculations need an acid equilibrium con- 
stant, K,. The generic form of every K, problem is 
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CA =H*+CB 
_[H* |[cB] 
“ [CA] 


where CA refers to the conjugate acid and CB refers to the conjugate base. In this case, 
the equilibrium equation and the change in the concentrations are 


HCIO, =H* +CloO,” 
0.0025-x +x +x 


Entering this information in the K, expression gives you the following: 


: [H* || clo,” | 


«~ THCIO, | 
2__[x][x] 
11x10 = 59-3] 


This is a quadratic equation, and you can solve it as such. But before doing the math, 
think about the problem logically. If the change in the denominator is insignificant, you 
can drop the -x and make the problem easier to solve. 


A simple check is to compare the exponent on the K to the exponent on the concentra- 
tion (in scientific notation). In this case, the exponent on the K is —2, and the exponent 
on the concentration is —1. If the exponent on the K is at least 3 less than the exponent 
on the concentration, you can assume that -x in the denominator is insignificant. That 
doesn’t occur in this case, so you have to solve this equation as a quadratic. 


Write the quadratic equation in standard form: 
(1.1x107)(0.20—x) = x? 
(2.2x10*)-(1.1x107)x = x? 
x? +(1.1x10)x-(2.2x10*)=0 


Then solve for x using the quadratic formula. Here, a = 1, b = 1.1 x 10°, and c = -2.2 x 10°: 


_ -b+ Jb? —4ac 


= 2a 

~(1.1x10) + (11x10) -4(1)(-2.2x10*) 
= 2(1) 
=4.2x10? =[H* | 


You can neglect the negative root because negative concentrations aren’t possible. 
Finally, find the pH using the pH definition: 
pH =-log| H* |= -log| 4.2107 |=1.38 


Ihh. 2.68 


Cyanic acid isn’t one of the strong acids (HNO,, HCI, HBr, HI, HC10,, HC1O,, and H,SO,), 
so it must be a weak acid. Weak acid calculations need an acid equilibrium constant, 
K,. The generic form of every K, problem is 
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CA =H*+CB 


_[H* ][cB] 


“ [ca] 
where CA refers to the conjugate acid and CB refers to the conjugate base. 


The problem gives you the pK, so convert that to a Ky 
K,=107°: =10? =3.5x107 


In this problem, the equilibrium equation and the change in the concentrations are 
HOCN =H* + OCN™ 
0.015-x +x +x 
Entering this information in the K, expression gives you the following: 
_ [t JLocn’ ] 
«~"THOCN] 
z x || x 
i rns 


This is a quadratic equation, and you can solve it as such. But before doing the math, 
think about the problem logically. If the change in the denominator is insignificant, you 
can drop the -x and make the problem easier to solve. 


A simple check is to compare the exponent on the K to the exponent on the concentra- 
tion (in scientific notation). In this case, the exponent on the K is —4, and the exponent 
on the concentration is —2. If the exponent on the K is at least 3 less than the exponent 
on the concentration, you can assume that -x in the denominator is insignificant. That 
doesn’t occur in this case, so you have to solve this equation as a quadratic. 


Write the quadratic equation in standard form: 
(3.5x10*)(0.015-x) =x? 
(5.2510 °)-(3.5x10*)x =x? 
x? +(3.5x10)x—(5.25x10%)=0 


Then solve for x using the quadratic formula. Here, a = 1, b = 3.5 x 10“, and c = -5.25 x 10°: 


_ —b+Vb* —4ac 


2a 
(3.5x10*)+ (35x10) —4(1)(-5.25 x10) 
2(1) 


x 


=2.1x10° =[H* ] 
You can neglect the negative root because negative concentrations aren’t possible. 


Finally, find the pH using the pH definition: 
pH =—log| H* ]=-log] 2.1x10~ |= 2.68 


Answers 
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945. 1.64 


Methylamine isn’t one of the strong bases (NaOH, KOH, LiOH, RbOH, CsOH, Ca(OH),, 
Sr(OH),, and Ba(OH),), so it must be a weak base. Weak base calculations need a base 
equilibrium constant, K,. The generic form of every K, problem is 


CB =OH’ +CA 


OH |[CA] 
a 


where CA refers to the conjugate acid and CB refers to the conjugate base. For balanc- 
ing purposes, water may be present in the equilibrium chemical equation; however, 
water is also the solvent, so it shouldn’t be in the equilibrium expression. 


The problem gives you the pK,, so convert that to a K,: 
K,=10° =10°” =5.2x107 


In this problem, the equilibrium equation and the change in the concentrations are 
CH,NH, +H,O = OH’ +CH,;NH,~ 
1.0-x +x +x 
Entering this information in the K, expression gives you the following: 
ea [ OH” || CH;NH;* | 
° [CH;NH;] 


This is a quadratic equation, and you can solve it as such. But before doing the math, 
think about the problem logically. If the change in the denominator is insignificant, you 
can drop the -x and make the problem easier to solve. 


A simple check is to compare the exponent on the K to the exponent on the concentra- 
tion (in scientific notation). In this case, the exponent on the K is —4, and the exponent 
on the concentration is 0. If the exponent on the K is at least 3 less than the exponent 
on the concentration (as it is in this case), you can assume that -x in the denominator 
is insignificant. That means you can rewrite the K equation as 


5.2x107 ae 


x=2.3x10° =| OH | 
The x value is sufficiently small that 1.0 -x = 1.0, which validates the assumption. 
Finally, find the pOH using the pOH definition: 
pOH =-log| OH” ]=-log| 2.3x107 ]=1.64 


946. 1.33 


NaHSO, is a strong electrolyte that completely separates into Na* and HSO, . The 
hydrogen sulfate ion, due to the presence of an acidic hydrogen, isn’t one of the 
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strong acids (HNO,, HCl, HBr, HI, HC1O,, HC1O,, and H,SO,), so it must be a weak acid. 
Weak acid calculations need an acid equilibrium constant, K,. The generic form of 
every K, problem is 


CA =H*+CB 
2 [ H* |[CB] 
“= Tcay 


where CA refers to the conjugate acid and CB refers to the conjugate base. In this case, 
the equilibrium equation and the change in the concentrations are 


HSO, =H* +80,” 
0.25-x +x +x 


Entering this information in the K, expression gives you the following: 


UF [800] 


“~ [HSO7 | 
= [x][x] 
11x10 = 7996 x] 


This is a quadratic equation, and you can solve it as such. But before doing the math, 
think about the problem logically. If the change in the denominator is insignificant, you 
can drop the -x and make the problem easier to solve. 


A simple check is to compare the exponent on the K to the exponent on the concentra- 
tion (in scientific notation). In this case, the exponent on the K is -2, and the exponent 
on the concentration is —1. If the exponent on the K is at least 3 less than the exponent 
on the concentration, you can assume that -x in the denominator is insignificant. That 
doesn’t occur in this case, so you have to solve this equation as a quadratic. 


Write the quadratic equation in standard form: 
(1.1x107)(0.25—x) =x? 
(2.75x10*)-(1.1x107 )x = x? 
x? +(1.1x107 )x-(2.75x107)=0 


Then solve for x using the quadratic formula. Here, a = 1, b = 1.1 x 10%, and c = -2.75 x 10°: 


_ —b+yb* —4ac 


2a 
-(1.1x10) + y(1.1x10)° —4(1)(-2.75x10°) 
2(1) 


x 


=4.7x107 =[H* ] 


You can neglect the negative root because negative concentrations aren’t possible. 
Finally, use the pH definition to find the pH: 
pH =-—log| H* ]=-log] 4.7x107 ]=1.33 
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947. 9.38 


Calcium acetate is a strong electrolyte, which completely separates into Ca% and 
C,H,0, . The acetate ion is a conjugate base of a weak acid. The acetate ion isn’t one of 
the strong bases (NaOH, KOH, LiOH, RbOH, CsOH, Ca(OH),, Sr(OH),, and Ba(OH),), so 
it must be a weak base. Weak base calculations need a base equilibrium constant, K,. 
The generic form of every K, problem is 


CB =OH + CA 
[ OH” |[CA] 
°” [cB] 
where CA refers to the conjugate acid and CB refers to the conjugate base. For balanc- 


ing purposes, water may be present in the equilibrium chemical equation; however, 
water is also the solvent, so it shouldn’t be in the equilibrium expression. 


The problem gives you the K,, so convert the K, to K, using the following relationship, 
where K,, = 1.00 x 1074: 


K, =K,K, 

K 1.00 x107 -10 
K, =% = 100x10 _ 59x1 
HR qe n 


The formula of calcium acetate, Ca(C,H}0,),, contains two acetate ions; therefore, the 
concentration of the acetate ion is twice that of the calcium acetate, or 1.0 M. In this 
problem, the equilibrium equation and the change in the concentrations are 


C,H;0, + H0 0H" +HC,H;0, 
1.0- x +x +x 
Entering this information in the K, expression gives you the following: 
_ [OH ][HC,H,0, ] 
°—-[CH,02° | 


a0 _ [x][x] 
5.9x10 DE] 


This is a quadratic equation, and you can solve it as such. But before doing the math, 
think about the problem logically. If the change in the denominator is insignificant, you 
can drop the -x and make the problem easier to solve. 


A simple check is to compare the exponent on the K to the exponent on the concentra- 
tion (in scientific notation). In this case, the exponent on the K is -10, and the expo- 
nent on the concentration is 0. If the exponent on the K is at least 3 less than the 
exponent on the concentration (as it is in this case), you can assume that -x in the 
denominator is insignificant. That means you can rewrite the K equation as 


5.9x10 = K ] 


x=2.4x10°=[OH | 


The x value is sufficiently small that 1.0 - x ~ 1.0, which validates the assumption. 
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Next, find the pOH using the pOH definition: 
pOH=-log| OH- |= -log| 2.4x 10° |= 4.62 


Finally, find the pH using the relationship pK, = pH + pOH, where pK, = 14.000: 
pH = pK,- pOH = 14.000 — 4.62 = 9.38 


948. 2.500 x 10- mol HCI 


First, add the information from the problem to the balanced chemical equation: 
HCI(aq)+NaOH(aq)— NaCl(aq)+H,O(aq) 
? mol 0.1000 M 
25.00 mL 
Next, change the molarity to moles by multiplying the molarity by the volume. The 
conversion is easier to see if you write the molarity unit M in terms of its definition 


(mol/L). The given volume is in milliliters, so remember that a liter is 1,000 mL: 
mol = MV 


(P) 
-( pith Jon 


0.1000 mol NaOH 
-( 00 mol }(25:00sm) 


= 2.500x107 mol NaOH 


Now convert from moles of NaOH to moles of HCl using the mole ratio, which is based 


on the coefficients from the balanced chemical equation. Here are all the calculations 
for this problem: 


mol NaOH/mL —> mol NaOH —> mol HCI 


0.1000 mo NaOH \/ 25.00 mf \/ 1 mol HCI 3 
| 1,000 mt | I (aes = 2.500 x10™ mol HCI 


949. 0.1771 M HCIO 


First, add the information from the question to the balanced chemical equation: 
HCIO(aq)+KOH(aq)—> KCl1O(aq)+H;0(aq) 
?M 0.1250 M 
25.00mL 35.42 mL 

Next, change the molarity to moles by multiplying the molarity by the volume. The 


conversion is easier to see if you write the molarity unit M in terms of its definition 
(mol/L). The given volume is in milliliters, so remember that a liter is 1,000 mL: 
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mol= MV 
_{ mol 
(57) 
_ mol 
(z) 


_{ 0.1250 mol KOH 
| L000 mÉ \(3542mr) 


= 4.4275x107 mol KOH 


Now convert from moles of KOH to moles of HCIO using the mole ratio, which is based 
on the coefficients from the balanced chemical equation: 


1,000 mt | I \ ImobKOH | > 4.4275 x10~ mol HCIO 


Dividing by the volume of the HCIO solution (in liters) yields the molarity. Here are all 
the calculations for this problem: 


mol KOH/mL > mol KOH > mol HCIO > mol HCI1O/L 


( 1,000 pat. k I I ImotKOH ( coaso0L)= 0-171 MHCIO 


950. 0.2123 M HCIO, 


First, add the information from the problem to the balanced chemical equation: 
HCIO,(aq)+NaOH(aq) > NaOH(aq)+H,O(aq) 
2M 0.1350 M 
25.00mL 39.32 mL 
Next, change the molarity to moles by multiplying the molarity by the volume. The 
conversion is easier to see if you write the molarity unit M in terms of its definition 
(mol/L). The given volume is in milliliters, so remember that a liter is 1,000 mL: 
mol = MV 


(2) 
(mz) 


_{ 0.1350 mol NaOH 
-( + 000 mt \(3932mr) 


= 5.3083 x10? mol NaOH 


Now convert from moles of NaOH to moles of HCIO, using the mole ratio, which is 
based on the coefficients from the balanced chemical equation: 


0.1350 mol NaOH \/ 39.32 mf \( 1 mol HCIO, | _ +3 
1,000mt \ Í fi T = 5.3083 x10™ mol HCIO, 
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Dividing by the volume of the HCIO, solution (in liters) yields the molarity. Here are all 
the calculations for this problem: 


mol NaOH/mL —> mol NaOH > mol HC1O, > mol HC10O,/L 


0.1350 moHNaOH \/ 39.32 mE \/ 1 mol HCIO, 1 
1,000 mi 1 lmol NaOH (Tm r) 


= 0.2123 M HCIO, 


951. 1.250 x 102 mol LiOH 


First, add the information from the problem to the balanced chemical equation: 
H,SO,(aq)+2LiOH(aq) > Li,SO,(aq)+2H,O(aq) 
0.2500 M ? mol 
25.00 mL 
Next, change the molarity to moles by multiplying the molarity by the volume. The 
conversion is easier to see if you write the molarity unit M in terms of its definition 


(mol/L). The given volume is in milliliters, so remember that a liter is 1,000 mL: 
mol = MV 


(P) 
=( gle} 


_{ 0.2500 mol H,SO, 
-( 1000 ma }(25:00smr) 


= 6.250x 10 mol H,SO, 


Now convert from moles of H,SO, to moles of LiOH using the mole ratio, which is 


based on the coefficients from the balanced chemical equation. Here are all the calcu- 
lations for this problem: 


mol H,SO,/mL — mol H,SO, —> mol LiOH 


0.2500 mol 5S0; \( 25.00 mf \( 2 mol LiOH \_ 3 , 
í 1,000 mt I mol H-80, = 1.250x10™ mol LiOH 


952. 0.09496 M Ca(OH), 


First, add the information from the problem to the balanced chemical equation: 
2HNO,(aq)+Ca(OH), (aq) Ca(NO; ), (aq)+2H,O(aq) 
0.1275 M 25.00 mL 
37.24 m 2M 

Next, change the molarity to moles by multiplying the molarity by the volume. The 


conversion is easier to see if you write the molarity unit M in terms of its definition 
(mol/L). The given volume is in milliliters, so remember that a liter is 1,000 mL: 
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mol= MV 
_{ mol 
“(ev 
= mol 
(mdz 


_{ 0.1275 mol HNO, 
-( L000 mal \(a724mr) 


= 4.7481x10 mol HNO, 


Now convert from moles of HNO, to moles of Ca(OH), using the mole ratio, which is 
based on the coefficients from the balanced chemical equation: 


0.1275 mol HNO; )( 37.24 mat \( 1 mol Ca(OH), )\_ 3 
r 1 -2mo HNO, = 4.7481x10° mol Ca(OH), 


Dividing by the volume of the Ca(OH), solution (in liters) yields the molarity. Here are 
all the calculations for this problem: 


mol HNO,/mL — mol HNO, > mol Ca(OH), —> mol Ca(OH),/L 


0.1275 mol HNO; \( 37.24 maf \/ 1 mol Ca(OH), =e 
[ 1,000 mÉ i I I 2 mol HNO; ( somsoor,) = 009496 M Ca(OH), 


953. 0.5889 M Sr(OH), 


First, add the information from the problem to the balanced chemical equation: 
2H;PO,(aq)+3Sr(OH), (aq) > Sr,(PO,), (aq)+6H,O(aq) 
39.26 mL 25.00 mL 
0.2500 M 2M 
Next, change the molarity to moles by multiplying the molarity by the volume. The 
conversion is easier to see if you write the molarity unit M in terms of its definition 


(mol/L). The given volume is in milliliters, so remember that a liter is 1,000 mL: 
mol = MV 


(p) 
(mz) 


_{ 0.2500 mol HPO, 
-( L000 mat |(ee26smr) 


=9.815x10 mol H,PO, 


Now convert from moles of H,PO, to moles of Sr(OH), using the mole ratio, which is 
based on the coefficients from the balanced chemical equation: 


0.2500 mol PO; \( 39.26 mi \f 3 mol Sr(OH), \_ p 
Geer — 7 mol HPO, = 1.47225 x10 mol Sr(OH), 
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Dividing by the volume of the Sr(OH), solution (in liters) yields the molarity. Here are 
all the calculations for this problem: 


mol H,PO,/mL — mol H,PO, —> mol Sr(OH), — mol Sr(OH),/L 


0.2500 mol H;PO;, ){ 39.26 mi \f 3 mol Sr(OH), 1 
1,000 maf. I 2mol HPO, )\0.02500 L 


|= 0.5889 M Sr(OH), 


954. 3.500 x 10-3 mol HNO, 


The problem doesn’t give you an equation, so the first step is to write a balanced 
chemical equation: 


HNO, (aq)+KOH(aq) > KNO,(aq)+H,O(1) 


Add the information from the problem to the balanced chemical equation: 
HNO, (aq)+KOH(aq)— KNO,(aq)+H,O(1) 
? mol 0.1000 M 
35.00 mL 


Next, change the molarity to moles by multiplying the molarity by the volume. The 
conversion is easier to see if you write the molarity unit M in terms of its definition 
(mol/L). The given volume is in milliliters, so remember that a liter is 1,000 mL: 


mol = MV 
_( mol 
“(ae 
_ mol 
-gz pac 


_{ 0.1000 mol KOH 
-( 2.1006 mol KOH |(e500mm) 
= 3.500x10" mol KOH 


Now convert from moles of KOH to moles of HNO, using the mole ratio, which is based 
on the coefficients from the balanced chemical equation. Here are all the calculations 
for this problem: 


mol KOH/mL —> mol KOH > mol HNO, 


as \ 35.00 mi I 1 mol HNO, 


= -3 
1,000 mt I 1 = 3.500 x10” mol HNO, 


955. 0.4277 M RbOH 


The problem doesn’t give you an equation, so the first step is to write a balanced 
chemical equation: 


H,SO ,(aq)+2RbOH(aq) —> Rb,SO,(aq)+2H,0(1) 
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Add the information from the problem to the balanced chemical equation: 
H,SO,(aq)+2RbOH(aq) — Rb.SO,(aq)+2H,0(1) 
43.29 mL 25.00 mL 
0.1235 M 2M 
Next, change the molarity to moles by multiplying the molarity by the volume. The 
conversion is easier to see if you write the molarity unit M in terms of its definition 
(mol/L). The given volume is in milliliters, so remember that a liter is 1,000 mL: 
mol = MV 


(2) 
(mtz) 


_( 0.1235 mol H,SO, 
-( 000 mat? |(+8290m0) 


= 5.346315x 10" mol H,SO, 


Now convert from moles of H,SO, to moles of RbOH using the mole ratio, which is 
based on the coefficients from the balanced chemical equation: 


0.1235 mol H;S0;, \/ 43.29 mi )( 2 mol RbOH 
1,000 mi 1 1molH;80, 


Dividing by the volume of the RbOH solution (in liters) yields the molarity. Here are all 
the calculations for this problem: 


= 5.346315 x10 mol RbOH 


mol H,SO,/mL —> mol H,SO, — mol RbOH > mol RbOH/L 


( 1,000 zat. I I Imol #80, (s0 c= Cae M RBO 


956. 1.865 x 10M HPO, 


The problem doesn’t give you an equation, so the first step is to write a balanced 
chemical equation: 


2H;PO,(aq)+3Ca(OH), (aq) — Ca; (PO,),(s)+6H,O(1) 


Add the information from the problem to the balanced chemical equation: 
2H3PO,(aq)+3Ca(OH), (aq) > Ca; (PO,),(s)+6H,O(1) 
2M 0.1000 M 
100.0 mL 27.98 mL 

Next, change the molarity to moles by multiplying the molarity by the volume. The 


conversion is easier to see if you write the molarity unit M in terms of its definition 
(mol/L). The given volume is in milliliters, so remember that a liter is 1,000 mL: 


Answers 
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mol = MV 
_{ mol 
Gal 
2 mol 
-gz |r 
_{ 0.1000 mol Ca(OH), 
~ 1,000 mi 


= 2.798x10* mol Ca(OH), 


|(er. 98am ) 


Now convert from moles of Ca(OH), to moles of H,PO, using the mole ratio, which is 
based on the coefficients from the balanced chemical equation: 


[ome mol ; { 27.98 mat. | 2 mol H;PO, 


-3 
L ; F }- 1.865333 x10 mol H,PO, 


2 


Dividing by the volume of the HPO, solution (in liters) yields the molarity. Here are all 
the calculations for this problem: 


mol Ca(OH),/mL — mol Ca(OH), —> mol H,PO, —> mol H,PO,/L 
us mol i { 27.98 ma. | 2 mol H;PO, 


1 -2 
000m i FT - | waco [,) = 1.865 x10 MH,PO, 


957. 0.6170 M NH, 


The problem doesn’t give you an equation, so the first step is to write a balanced 
chemical equation: 


H,SO,(aq)+2NH;(aq)— (NH, ), SO,(aq) 


Add the information from the problem to the balanced chemical equation: 
H,SO,(aq)+2NH;(aq)— (NH, ),SO,(aq) 
0.3215 M 2M 
47.98 mL 50.00 mL 
Next, change the molarity to moles by multiplying the molarity by the volume. The 
conversion is easier to see if you write the molarity unit M in terms of its definition 
(mol/L). The given volume is in milliliters, so remember that a liter is 1,000 mL: 
mol = MV 


(P) 
(lz Jar 


_{ 0.3215 mol H,SO, 
-( 1000 mil |(ar98.) 


= 1.542557x10 mol H,SO, 
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Now convert from moles of H,SO, to moles of NH, using the mole ratio, which is based 
on the coefficients from the balanced chemical equation: 
0.3215 mol H;80;, \( 47.98 mi 2 mol NH, 
1,000 mt 1 1mol 1580, 


Dividing by the volume of the NH, solution (in liters) yields the molarity. Here are all 
the calculations for this problem: 


| = 3.085114 10? mol NH, 


mol H,SO,/mL —> mol H,SO, —> mol NH, —> mol NH,/L 


0.3215 moLH;80;, \( 47.98 m£ \( 2 mol NH, ( 1 
1,000 mat I ImolH;80, }\ 0.05000 L 


J= 0.6170 M NH; 


958. 0.2303 g HC,H,O, 


The problem doesn’t give you an equation, so the first step is to write a balanced 
chemical equation: 


HC,H;0,(aq)+NaOH(aq) > NaC,H;0,(aq)+H,O(1) 
Add the information from the problem to the balanced chemical equation: 
HC,H;0,(aq)+NaOH(aq) — NaC,H;0,(aq)+H,0(1) 
2g 0.09527 M 
39.95 mL 


Next, change the molarity to moles by multiplying the molarity by the volume. The 

conversion is easier to see if you write the molarity unit M in terms of its definition 

(mol/L). The given volume is in milliliters, so remember that a liter is 1,000 mL: 
mol = MV 


-| mol 

Gale 

_ mol 

- (rlz Ja 

_]| 0.09527 mol NaOH 

-( 1000 sak \(3995 mr) 
= 3.8060365 x10 mol NaOH 


Now convert from moles of NaOH to moles of HC,H,O, using the mole ratio, which is 
based on the coefficients from the balanced chemical equation: 


0.09527 mol NaOH \/ 39.95 mi 1 mol HC,H,0, 
~~ 7,000z mol NaOH 


= -3 
1,000 mt I 1 ) = 3.8060365 x10 mol HC,H,0, 


To finish the problem, multiply the moles by the molar mass. Here are all the calcula- 
tions for this problem: 


mol NaOH/mL — mol NaOH > mol HC,H,0, —> mol HC,H,0,/L 


0.09527 mol NaOH \/ 39.95 mÉ \( 1mol HC3H;0; \( 60.52 g HC,H,0, 
1,000 mi I lmol NaOH 1mol HE5H;0, 
= 0.2303 g HC,H,0, 
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959. 0.05333 g NH, 


The problem doesn’t give you an equation, so the first step is to write a balanced 
chemical equation: 


HClI(aq)+NH;(aq)—> NH,Cl(aq) 


Add the information from the problem to the balanced chemical equation: 
HCl(aq)+NH;(aq)— NH,Cl(aq) 
0.08271M ?g 
37.86 mL 
Next, change the molarity to moles by multiplying the molarity by the volume. The 
conversion is easier to see if you write the molarity unit M in terms of its definition 
(mol/L). The given volume is in milliliters, so remember that a liter is 1,000 mL: 
mol = MV 


(a) 
(rr) 


_| 0.08271 mol HCl 
=| ea ae He J(ersosmr) 
= 3.1314006 x10” mol HCI 


Now convert from moles of HCI to moles of NH, using the mole ratio, which is based on 
the coefficients from the balanced chemical equation: 


0.08271 meHHCl \/ 37.86 mo \/ 1 mol NH; 
1,000 mi 1 lmeHIcl 


To finish the problem, multiply the moles by the molar mass. Here are all the calcula- 
tions for this problem: 
mol HCl/mL > mol HCl > mol NH3 > g NH3 


0.08271 meHHCl \/ 37.86 pat 1molNĦ; \/ 17.031 g NH, 
1,000 mi 1 lmelHHicl 1 mol NH 


= 3.1314006 x10” mol NH, 


) = 0.05333 g NH, 


960. mno, 


A buffer solution must contain a conjugate acid-base pair of a weak acid or base. 
Sodium nitrite (NaNO,) contains the nitrite ion, which is the conjugate base of nitrous 
acid (HNO,), a weak acid. 


961. —wn),S0, 


A buffer solution must contain a conjugate acid-base pair of a weak acid or base. 
Ammonia (NH,) is a weak base, so to create a buffer, you need to add the conjugate acid. 
The conjugate acid of ammonia acid is the ammonium ion (NH a ). 
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962. uo, 


A buffer solution must contain a conjugate acid-base pair of a weak acid or base. 
Sodium carbonate (Na,CO,) contains the carbonate ion, which is the conjugate base of 
the hydrogen carbonate ion (HCO 3) ), a weak acid. 


963. 4.58 


This is a buffer solution problem, which is easiest to solve with the Henderson- 
Hasselbalch equation: 
pH=pK,+ log £R 


The conjugate acid, CA, is acetic acid (0.75 M), and the conjugate base, CB, is the 
acetate ion (0.50 M). The acetate ion comes from sodium acetate, which is a strong 


electrolyte. 
Entering the given information in the Henderson-Hasselbalch equation gives you the 
answer: 

pH = 4.76 + log 2:20 = 4.58 


0.75 


You can also solve any buffer problem as a K, or K, problem. This normally takes more 
time than using the Henderson-Hasselbalch equation and results in the same answer. 


Acetic acid isn’t of the strong acids (HNO,, HCI, HBr, HI, HC10,, HC1O,, and H,SO,), so it 
must be a weak acid. Weak acid calculations need an acid equilibrium constant, K,,. 
The generic form of every K, problem is 


CA =H*+CB 
_ [ H* |[CB] 
“ [CA] 


The problem gives you the pK,, so convert the pK, to a K; 
K, =10%: =10*" =1.7x10> 


In this case, the equilibrium equation and the change in the concentrations (calculated 
previously) are 


HC,H;,0, =H* + C,H;0,7 
0.75- x tx 0.50+x 
Entering this information in the K, expression gives you the following: 


[H* || C.H;0,° | 


K,= 
[HC,H,0, | 
s _ [x][0.50+x] 
1.7x10 ="T0.75-x] 


This is a quadratic equation, and you can solve it as such. But before doing the math, 
think about the problem logically. If the changes in the numerator and denominator 
are insignificant, as they are here, you can drop the +x and -x, simplifying the problem: 
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[x ][ 0.50] 
[0.75 | 


x =2.6x10° =[H* | 


1.7x10° = 


The x value is sufficiently small that 1.0 - x =~ 1.0, which validates the assumption. 
Finally, find the pH using the pH definition: 
pH = —log| H* |=-log| 2.6x10~ |= 4.58 


This is a buffer solution problem, which is easiest to solve with the Henderson- 
Hasselbalch equation: 


pH= pK, +log ER 


The conjugate acid, CA, is the ammonium ion (0.35 M), and the conjugate base, CB, is 
ammonia (0.25 M). The ammonium ion comes from ammonium chloride, which is a 
strong electrolyte. 


Entering the given information in the Henderson-Hasselbalch equation gives you the 
answer: 


z 0.35 _ 
pOH = 4.75 + log 025 = 4.90 
You can also solve any buffer problem as a K, or K, problem (see Question 963 for an 
example of this approach). This normally takes more time than using the Henderson- 
Hasselbalch equation and results in the same answer. 


This is a buffer solution problem, which is easiest to solve with the Henderson- 
Hasselbalch equation: 

CB 

CA 

The conjugate acid, CA, is hydrofluoric acid (0.25 M), and the conjugate base, CB, is 
the fluoride ion (0.35 M). The fluoride ion comes from sodium fluoride, which is a 
strong electrolyte. 


pH = pK, + log 


Entering the given information in the Henderson-Hasselbalch equation gives you the 
answer: 


pH = 3.17+ log 033 = 3,32 


You can also solve any buffer problem as a K, or K, problem (see Question 963 for an 
example of this approach). 
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966. 3.10 


This is a buffer solution problem, which is easiest to solve with the Henderson- 
Hasselbalch equation: 


pOH = pK, +log $A 


The conjugate acid, CA, is the methylammonium ion (0.50 M), and the conjugate base, 
CB, is methylamine (0.75 M). The methylammonium ion comes from methylammonium 
chloride, which is a strong electrolyte. 


Entering the given information in the Henderson-Hasselbalch equation gives you the 
following: 


pOH =3.28+ log 220 =3.10 


You can also solve any buffer problem as a K, or K, problem (see Question 963 for an 
example of this approach). 


967. 9.40 


This is a buffer solution problem, which is easiest to solve with the Henderson- 
Hasselbalch equation: 


pOH = pK, +log È 


The conjugate acid, CA, is the ammonium ion (0.25 M), and the conjugate base, CB, is 
ammonia (0.35 M). The ammonium ion comes from ammonium chloride, which is a 
strong electrolyte. 


Entering the given information in the Henderson-Hasselbalch equation gives you the 
following: 


pOH = 4.75+ log 2 = 4.60 


To convert the pOH to pH, use the relationship pH + pOH = pK, where pK, = 14.000: 
pH = pK, — pOH = 14.000 — 4.60 = 9.40 


You can also solve any buffer problem as a K, or K, problem (see Question 963 for an 
example of this approach). 


968. 11.02 


This is a buffer solution problem, which is easiest to solve with the Henderson- 
Hasselbalch equation: 

CA 

CB 

The conjugate acid, CA, is the methylammonium ion (0.25 M), and the conjugate base, 
CB, is methylamine (0.50 M). The methylammonium ion comes from methylammonium 
chloride, which is a strong electrolyte. 


pOH = pK, + log 
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pOH = 3.28+ log 0.23 = 2.98 


To finish the problem, convert the pOH to pH using the relationship pH + pOH = pK, 
where pK, = 14.000: 
pH = pK,- pOH = 14.000 — 2.98 = 11.02 


You can also solve any buffer problem as a K, or K, problem (see Question 963 for an 
example of this approach). 


The problem doesn’t give you an equation, so the first step to write a balanced chemi- 
cal equation: 


NaOH(aq)+HF(aq) > Na*(aq)+F (aq)+H,O(1) 


Write the sodium fluoride as the separated ions, because the fluoride ion will be neces- 
sary for later calculations. 


Adding the given amounts of material to the balanced chemical equation gives you the 
following: 


NaOH(aq)+HF(aq)—> Na*(aq)+F~(aq)+H,0(1) 
0.25 mol 1.00 mol 


Quantities of two reactants are present, so this is a limiting reactant problem. Because 
the stoichiometry is 1:1, the substance in the lesser amount is the limiting reactant. 


The limiting reactant will go to zero and take an equal amount of the other reactant 
with it. This means 0.75 mol of HF will remain. The reactant will produce an equal 
number of moles of product. The product of interest is the fluoride ion, and 0.25 mol of 
this ion will form. Dividing each of the mole values by the volume of solution gives the 
molarities: The solution is 0.75 M HF and 0.25 MF. 


You now have a buffer solution problem, which is easiest to solve with the Henderson- 
Hasselbalch equation: 

CB 

CA 

The conjugate acid, CA, is hydrofluoric acid (0.75 M), and the conjugate base, CB, is 


the fluoride ion (0.25 M). The fluoride ion comes from sodium fluoride, which is a 
strong electrolyte. 


pH = pK, + log 


Entering the given information in the Henderson-Hasselbalch equation gives you the 
answer: 


= 0.25 _ 
pH =3.17+ log 075 = 2.69 
You can also solve any buffer problem as a K, or K, problem (see Question 963 for an 


example of this approach). This normally takes more time than using the Henderson- 
Hasselbalch equation and results in the same answer. 
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970. 9.55 


The problem doesn’t give you an equation, so the first step in this problem is to write a 
balanced chemical equation: 


NH; (aq)+HCl(aq)—> NH,*(aq)+Cl (aq) 


Write the ammonium as separated ions, because the fluoride ion will be necessary for 
later calculations. 


Adding the given amounts of material to the balanced chemical equation gives you the 
following: 

NH;(aq)+HCl(aq)— NH,*(aq)+Cl (aq) 

0.75 mol 0.25 mol 


Quantities of two reactants are present, so this is a limiting reactant problem. Because 
the stoichiometry is 1:1, the substance in the lesser amount is the limiting reactant. 


The limiting reactant will go to zero and take an equal amount of the other reactant 
with it. This means 0.50 mol of NH, will remain. The reactant will produce an equal 
number of moles of product. The product of interest is the ammonium ion, and 0.25 
mol of this ion will form. Dividing each of the mole values by the volume of solution 
gives the molarities: The solution is 0.50 M NH, and 0.25 M NH,’. 


You now have a buffer solution problem, which is easiest to solve with the Henderson- 
Hasselbalch equation: 


pOH = pK, +log $A 


The conjugate acid, CA, is the ammonium ion (0.25 M), and the conjugate base, CB, is 
ammonia (0.50 M). The ammonium ion comes from ammonium chloride, which is a 
strong electrolyte. 


Entering the given information in the Henderson-Hasselbalch equation gives you the 
following: 


E 0.25 _ 
pOH = 4.75 + log 0507 4.45 
To convert the pOH to pH and finish the problem, use the relationship pH + pOH = pK,, 
where pK, = 14.000: 
pH = pK,- pOH = 14.000 — 4.45 = 9.55 


You can also solve any buffer problem as a K, or K, problem (see Question 963 for an 
example of this approach). 


971. 2.91 


The initial pH is the pH before the addition of any base; therefore, only the acetic acid 
will affect the pH of the solution. 


Acetic acid isn’t one of the strong acids (HNO,, HCI, HBr, HI, HC1O,, HC1O,, and H,SO,), 
so it must be a weak acid. Weak acid calculations need an acid equilibrium constant, 
K,. The generic form of every K, problem is 
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CA =H*+CB 
[ H* |[cB] 
Mee" Tay 


where CA refers to the conjugate acid and CB refers to the conjugate base. In this case, 
the equilibrium equation and the change in the concentrations are 


HC,H,0, =H*+C,H,0,— 
0.08750-x +x +x 


Entering this information in the K, expression gives you the following: 


LH" J C2H.0." | 
“~~ [HC,H,0, | 


s__ [x][x] 
DI -10.08750—2] 


This is a quadratic equation, and you can solve it as such. But before doing the math, 
think about the problem logically. If the change in the denominator is insignificant, you 
can drop the -x and make the problem easier to solve. 


A simple check is to compare the exponent on the K to that of the concentration (in 
scientific notation). In this case, the exponent on the K is -5, and the exponent on the 
concentration is —2. If the exponent on the K is at least 3 less than the exponent on the 
concentration (as it is in this case), you can assume that -x in the denominator is insig- 
nificant. Therefore, you can rewrite the K equation as 


-s __[x][x] 
1.7x10 =T0.08750] 


x=1.22x10% =[H* | 


The x value is sufficiently small that 1.0 - x =~ 1.0, which validates the assumption. 
Finally, find the pH using the pH definition: 
pH =—log| H* ]=-log| 1.22x10° |=2.91 


The initial pH is the pH before the addition of any HCI; therefore, the only substance 
present that will affect the pH is the ammonia. 


Ammonia isn’t one of the strong bases (NaOH, KOH, LiOH, RbOH, CsOH, Ca(OH),, 
Sr(OH),, and Ba(OH),), so it must be a weak base. Weak base calculations need a base 
equilibrium constant, K,. The generic form of every K, problem is 


CB =OH' +CA 
OH” ][CA] 
x=! l 


where CA refers to the conjugate acid and CB refers to the conjugate base. For balanc- 
ing purposes, water may be present in the equilibrium chemical equation; however, 
water is also the solvent, so it shouldn’t be in the equilibrium expression. 


Answers 
901-1001 


384 Part Il: The Answers 


The problem gives you the pK, so convert the pK, to the Ky 
K, = 1047 = 1.8 x 10° 
In this case, the equilibrium equation and the change in the concentrations are 
NH; +H,0 =OH’ +NH,* 
0.08750 — x +x +x 


Entering this information in the K, expression gives you the following: 
ee [ OH” || NH," ] 


°~ [NB;] 
s__ [x][x] 
Lexi" = 10108750— x] 


This is a quadratic equation, and you can solve it as such. But before doing the math, 
think about the problem logically. If the change in the denominator is insignificant, you 
can drop the -x and make the problem easier to solve. 


A simple check is to compare the exponent on the K to the exponent on the concentra- 
tion (in scientific notation). In this case, the exponent on the K is -5, and the exponent 
on the concentration is —2. If the exponent on the K is at least 3 less than the exponent 
on the concentration (as it is in this case), you can assume that -x in the denominator 
is insignificant. That means you can rewrite the K equation as 


s_ I[x][x] 
1.8x10 ~ [0.08750] 


x=1.3x10° =| OH" | 
The x value is sufficiently small that 1.0 -x = 1.0, which validates the assumption. 
Find the pOH using the pOH definition: 
pOH = —log| OH™ |= —log| 1.3x10~ |= 2.89 


Finally, find the pH using the relationship pK, = pH + pOH, where pK, = 14.000: 
pH = pK,- pOH = 14.000 — 2.89 = 11.11 


973. 7.00 


Sodium hydroxide is one of the strong bases (NaOH, KOH, LiOH, RbOH, CsOH, 
Ca(OH),, Sr(OH),, and Ba(OH),), and hydrochloric acid is one of the strong acids 
(HNO,, HCI, HBr, HI, HCIO,, HC1O,, and H,SO,). No calculations are necessary for strong 
acid-strong base titrations, because the equivalence point is always at pH = 7.00. 


974. 4.76 


First, add the information from the problem to the balanced chemical equation: 
Ba(OH),(aq)+2HC,H;0,(aq)— Ba” (aq)+2C,H;0, (aq)+2H,O(1) 
0.05000 M 0.08800 M 
11.00 mL 25.00 mL 
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The problem gives you the quantities of two reactants, so you need to determine 
which reactant is the limiting reactant. 


First, find the number of moles of each reactant. Change the molarity to moles by mul- 
tiplying the molarity by the volume. The conversion is easier to see if you write the 
molarity unit M in terms of its definition (mol/L). The given volume is in milliliters, so 
remember that a liter is 1,000 mL: 


= n mol = mol 
mol= MV =Í L )L=( ao Lz mL 
0.08800 mol HC,H,O i 
( 000m \(2500mr)- 2.20010 mol HC,H;0, 
0.05000 mol Ba(OH), E p 
| 1000 mt (11.00 mt ) = 5.500 x 10 mol Ba(OH), 


Due to the stoichiometry of the reaction, 5.500 x 10* mol of Ba(OH), will react com- 
pletely with twice as many moles (1.100 x 10 mol) of HC,H,0,; because more HC,H,0O, 
is present, the Ba(OH), is the limiting reactant. 


The amount of limiting reactant will decrease to zero, taking some of the excess reac- 
tant away and producing some of the product. The only product of importance is the 
conjugate base of the weak acid (HC,H,0O,). 


The moles of the nonlimiting reactant (conjugate acid) remaining after the reaction 
is the original number of moles minus the moles reacted: 


5.500 x10~ mo : | 2 mol HC,H,0, ] 


(2.200 x10 * mol HC,H;0, ) 
1 1mol 


2 
=1.100x10 mol HC,H,0, 


Next, use the moles of the limiting reactant to determine the moles of acetate ion (con- 
jugate base) formed: 


a mol ; | 2 mol C,H,0,7 


=1.100x107 mol C,H;0,7 
1 1mol 


2 


At this point, the volume of the solution is 25.00 mL + 11.00 mL = 36.00 mL = 0.03600 L. 


Next, determine the concentrations of the conjugate acid and the conjugate base by 
dividing the moles of each substance by the volume of the solution in liters: 


1.100x10° mol HC,H;0, 
0.03600 L 


) =3.0556x10 M HC,H,0, 


1.100x10 mol C,H;0,7 
0.03600 L 


) =3.0556x10 M C,H;0;7 


This is now a buffer solution problem, which is easiest to solve with the Henderson- 
Hasselbalch equation: 


CB 


pH = pK, +log Gx 


Answers 
901-1001 


386 Part Il: The Answers 


The conjugate acid, CA, is acetic acid (3.0556 x 10 M), and the conjugate base, CB, 
is the acetate ion (3.0556 x 10 M). The acetate ion comes from sodium acetate, 
which is a strong electrolyte. 


Entering the given information in the Henderson-Hasselbalch equation gives you the 
final answer: 


3.0556 x10 M 
H = 4.76 + log 2 = 4.76 
i 08 310556x107 M 
Note this is a special situation. Whenever the concentrations of the conjugate base and 
conjugate acid are the same, pH = pK, 


You can also solve any buffer problem as a K, or K, problem. This normally takes more 
time than using the Henderson-Hasselbalch equation and results in the same answer. 


Acetic acid isn’t one of the strong acids (HNO,, HCI, HBr, HI, HC1O,, HC1O,, and H,SO,), 
so it must be a weak acid. Weak acid calculations need an acid equilibrium constant, 
K,. The generic form of every K, problem is 


CA =H*+CB 
_ [H+ |[CB] 
Teal 


The problem gives you the pK,, so convert the pK, to a K; 
K, =10®%: =10*” =1.7x10° 


In this case, the equilibrium equation and the change in the concentrations (calculated 
previously) are 


HC,H;0, => H* + C,H;0,7 
3.0556 x10? M- x +x  3.0556x10° M+x 
Entering this information in the K, expression gives you the following: 
g [cao] 
ý [HC,H,0, | 
[x]] 3.0556 x 107 M+x | 


5 
= [ 3.0556 x10 M- x | 


This is a quadratic equation, and you can solve it as such. But before doing the math, 
think about the problem logically. If the changes in the numerator and denominator 
are insignificant, as they are here, you can drop the +x and -x, simplifying the problem: 


[x ]] 3.0556 x 10> M] 
| 3.0556 x10 M | 
x=1.7x10*=[|H*] 


1.7x10° = 


The x value is sufficiently small that 1.0 -x ~ 1.0, which validates the assumption. 
Finally, find the pH using the pH definition: 
pH = log] H* |=-log| 1.7x107 |= 4.76 
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First, add the information from the problem to the balanced chemical equation: 
H,SO,(aq)+2NH;(aq)— (NH,),SO,(aq) 
0.05000 M 0.08800 M 
11.00 mL 25.00 mL 


The problem gives you the quantities of two reactants, so you need to determine 
which reactant is the limiting reactant. 


First, find the number of moles of each reactant. Change the molarities to moles by 
multiplying the molarity by the volume. The conversion is easier to see if you write the 
molarity unit M in terms of its definition (mol/L). The given volume is in milliliters, so 
remember that a liter is 1,000 mL: 


mol= mv =( mol) -{ mol Jar 


K 1,000 mi 


0.05000 mol H,SO, E 3 

L000 mÉ \(1100mr)=5.500x10 mol H,SO, 
0.08800 mol NH; _ 4 

1,000 mal. \(2500mr)=220x10 mol NH; 


Due to the stoichiometry of the reaction, 5.500 x 10~ mol of H,SO, will react completely 
with twice as many moles (1.100 x 10 mol) of NH,; because more NH, is present, 
H,SO, is the limiting reactant. 


The amount of limiting reactant will decrease to zero, taking some of the excess reac- 
tant away and producing some of the product. The only product of importance is the 
conjugate acid of the weak base (NH,). 


The moles of nonlimiting reactant remaining (conjugate acid) after the reaction is the 
original number of moles minus the moles reacted: 


4 
(2.20010 mol NH,)-| | 2200x107 mal¥s80% )/ _2 mol NH, 
l 1 mol H50; 


=1.100x10 mol NH, 


Next, use the moles of the limiting reactant to determine the moles of ammonium ion 
(conjugate acid) formed: 


A + 
5.500 x10* mol H;80; \/ 2 mol NH, = 1.10010 mol NH," 
1 1molH;80;, 


At this point, the volume of the solution is 25.00 mL + 11.00 mL = 36.00 mL = 0.03600 L. 


Next, determine the concentrations of the conjugate acid and the conjugate base by 
dividing the moles of the substance by the volume of the solution in liters: 


[ee mol NH; 


_ 2 
0.03600 L = 3.0556 x10 M NH, 


[ ee mol NH,* 


= =2 + 
005600 L J- 3.0556x10 M NH, 
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This is now a buffer solution problem, which is easiest to solve by using the 
Henderson-Hasselbalch equation: 


pOH = pK, + log È 
The conjugate acid, CA, is the ammonium ion (3.0556 x 10-? M), and the conjugate base, 
CB, is ammonia (3.0556 x 10-? M). 


Entering the given information in the Henderson-Hasselbalch equation gives you the pOH: 


3.0556 x10 M 
OH = 4.76 + log 0556 x10” M _ 4 76 
P +08 3 0556x102 M 


Finally, find the pH using the relationship, pK, = pH + pOH, where pK, = 14.000: 
pH = pK,- pOH = 14.000 — 4.76 = 9.24 


You can also solve any buffer problem as a K, or K, problem (see Question 974 for an 
example of this approach). This normally takes more time than using the Henderson- 
Hasselbalch equation and results in the same answer. 


976. 5.76 


First, add the information from the problem to the balanced chemical equation: 
Ba(OH), (aq)+2HC,H;0,(aq)— Ba” (aq)+2C,H;0, (aq)+2H,0(1) 
0.05000 M 0.08800 M 
20.00 mL 25.00 mL 


The problem gives you the quantities of two reactants, so you need to determine 
which one is the limiting reactant. 


First, find the number of moles of each reactant. Change the molarities to moles by 
multiplying the molarity by the volume. The conversion is easier to see if you write the 
molarity unit M in terms of its definition (mol/L). The given volume is in milliliters, so 
remember that a liter is 1,000 mL: 


mol= mv =( 90 )y -( mol Jar 


K 1,000 mat 
0.08800 mol HC,H,0 g 
( L000 E au |(25:00sn1) =2:200%10 3 mol HC,H;0, 
0.05000 mol Ba(OH), E p 
í 1,000 mÉ (20.00 mat ) = 1.000 x 10° mol Ba(OH), 


Due to the stoichiometry of the reaction, 1.000 x 10 mol Ba(OH), will react completely 
with twice as many moles (2.000 x 10 mol) of HC,H,O,; because more HC,H,0, is pres- 
ent, the Ba(OH), is the limiting reactant. 


The amount of limiting reactant will decrease to zero, taking some of the excess reac- 
tant away and producing some of the product. The only product of importance is the 
conjugate base of the weak acid (HC,H.0,). 


The moles of nonlimiting reactant remaining (conjugate acid) after the reaction is the 
original number of moles minus the moles reacted: 
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-3 
(2.200x10® mol HC,H,0, ) (= mol Sal 


1 1mol ; 


=2.000x10~ mol HC,H,0, 


Next, use the moles of the limiting reactant to determine the moles of acetate ion (con- 
jugate base) formed: 


1.000 x 10% mol 5 2 mol C,H;0,7 
1 1mo 


|-20m 10° mol C,H,0,~ 


2 


At this point, the volume of the solution is 25.00 mL + 20.00 mL = 45.00 mL = 0.04500 L. 


Next, determine the concentrations of the conjugate acid and the conjugate base by 
dividing the moles of the substance by the volume of the solution in liters: 


2.000 x10 mol HC,H,0, 
0.04500 L 


[ame mol C,H,0,~ 


= 4.444x10 MHC,H,0, 


2 -2 - 
704500 L )-44u4x10 MC,H,0, 


This is now a buffer solution problem, which is easiest to solve with the Henderson- 
Hasselbalch equation: 


pH = pK, + log €R 


The conjugate acid, CA, is acetic acid (4.444 x 10° M), and the conjugate base, CB, 
is the acetate ion (4.444 x 10 M). The acetate ion comes from sodium acetate, 
which is a strong electrolyte. 


Entering the given information in the Henderson-Hasselbalch equation gives you the 
final answer: 


4444x107 M 
=4. aoe ne =5.76 
pH 4.76 + l08 7444x107 M 5.7 


You can also solve any buffer problem as a K, or K, problem (see Question 974 for an 
example of this approach). This normally takes more time than using the Henderson- 
Hasselbalch equation and results in the same answer. 


First, add the information from the problem to the balanced chemical equation: 
H,SO,(aq)+2NH;(aq)— (NH, ), SO, (aq) 
0.05000 M 0.08800 M 
17.00 mL 25.00 mL 


The problem gives you the quantities of two reactants, so you need to determine 
which one is the limiting reactant. 


First, find the number of moles of each reactant. Change the molarities to moles by 
multiplying the molarity by the volume. The conversion is easier to see if you write the 
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molarity unit M in terms of its definition (mol/L). The given volume is in milliliters, so 
remember that a liter is 1,000 mL: 


= _{ mol = mol 
mol= MV =( 92) = zely Ja 


0.05000 mol H,SO, E p 
l 1,000 mf. )(r7.00 su) = 8.500 x10~ mol H,SO, 
0.08800 mol NH, E p 
(eea ao EE (25.00) = 2.200x10 mol NH; 


Due to the stoichiometry of the reaction, 8.500 x 10~* mol of H,SO, will react completely 
with twice as many moles (1.700 x 10 mol) of NH,; because more NH, is present, the 
H,SO, is the limiting reactant. 


The amount of limiting reactant will decrease to zero, taking some of the excess reac- 
tant away and producing some of the product. The only product of importance is the 
conjugate acid of the weak base (NH,). 


The moles of nonlimiting reactant remaining (conjugate acid) after the reaction is the 
original number of moles minus the moles reacted: 


8.500 x10“ mol H;80;, \/ 2 mol NH 
3 2 4 3 
(2.200 x10* mol NH; ) ( i | Bas 


= 5.000 x10~* mol NH; 


Next, use the moles of the limiting reactant to determine the moles of ammonium ion 
(conjugate acid) formed: 


4 + 
8.500 x10“ mol H;80;, \( 2 mol NH, = 1.70010 mol NH,* 
1 1mol 4580; 


At this point, the volume of the solution is 25.00 mL + 17.00 mL = 42.00 mL = 0.04200 L. 


Now determine the concentrations of the conjugate acid and the conjugate base by 
dividing the moles of the substance by the volume of the solution in liters: 


aa mol NH; 


iy 2 
04300 L ) 1190500 MNH, 


1.700 x 10% mol NH,* )_ 2 i 
This is now a buffer solution problem, which is easiest to solve with the Henderson- 
Hasselbalch equation: 
CA 
CB 
The conjugate acid, CA, is the ammonium ion (4.048 x 10 M), and the conjugate base, 
CB, is ammonia (1.190 x 10-? M). 


Entering the given information in the Henderson-Hasselbalch equation gives you the 
following: 


pOH = pK, + log 


4.048x 102 M 
H = 4.75 + log 4048x10 "M _5 9 
BOS 415+ 108, Eix Mo 
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Finally, get the pH by using the relationship pK, = pH + pOH, where pK, = 14.000: 
PH = pK,- pOH = 14.000 — 5.28 = 8.72 
You can also solve any buffer problem as a K, or K, problem (see Question 974 for an 


example of this approach). This normally takes more time than using the Henderson- 
Hasselbalch equation and results in the same answer. 


The problem doesn’t give you an equation, so the first step is to write a balanced 
chemical equation: 


Ba(OH),(aq)+2HC,H;0,(aq) > Ba” (aq)+2C,H;0, (aq)+2H,O(1) 


Then add the information from the problem to the balanced chemical equation: 
Ba(OH),(aq)+2HC,H;0,(aq)— Ba” (aq)+2C,H;0, (aq)+2H,O(1) 
0.05000 M 0.08800 M 
25.00 mL 
This reaction is at the equivalence point, so none of the reactants will remain. 


Therefore, the only thing present that might affect the pH is the conjugate base of the 
weak acid, which is the acetate ion. 


You need to calculate the molarity of the acetate ion in the solution at the equivalence 
point, and to do this, you need to know the moles present and the total volume of the 
solution. But you have more information about the acetic acid, so begin calculations 
with the acetic acid. 


First, change the molarity of the acetic acid to moles by multiplying the molarity by the 
volume. The conversion is easier to see if you write the molarity unit M in terms of its 
definition (mol/L). The given volume is in milliliters, so remember that a liter is 1,000 mL. 


mol = MV 
_{ mol 
Gal 
L mol 
-( r |r 


0.08800 mol HC,H,0, 
-( 0 mol HC |(e5:00sm) 


= 2.200x 10 mol HC,H,0, 


From the moles of acetic acid, you can determine both the number of moles of acetate 
ion formed and the volume of barium hydroxide solution necessary to do this. 


The moles of acetate ion (the conjugate base) formed comes from multiplying the 
moles of acetic acid by the mole ratio from the balanced chemical equation: 


mol HEsHjO, - 
(2m m H5 e 2 mol C,H,0, ]=2200x10> mol CH,0,; 


2 mol HCHO; 


Find the volume of barium hydroxide solution added using the moles of acetic acid, 
the mole ratio from the balanced chemical equation, and the molarity of the barium 
hydroxide solution: 
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3 mol HCHO; \| 1mol 
2.200 x10 mol HCH;0, 2 1,000 mL = 22.00 mL 
i 2molHE;H;0, || 0.05000 mol 


At this point, the volume of the solution is 25.00 mL + 22.00 mL = 47.00 mL = 0.04700 L. 


Next, determine the concentration of the conjugate base by dividing the moles of the 
substance by the volume of the solution in liters: 


2.20010? mol C,H.0,” 
0.04700 L 


2 


)- 4.6809 x10 M C,H,0,7 


Next is the equilibrium part of the problem. The acetate ion is the conjugate base of a 
weak acid, so it will be part of a K, equilibrium. The generic form of every K, problem is 


CB =OH-+CA 
[ OH” |[CA] 


where CA refers to the conjugate acid and CB refers to the conjugate base. For balanc- 
ing purposes, water may be present in the equilibrium chemical equation; however, 
water is also the solvent, so it shouldn’t be in the equilibrium expression. 


You need to convert the pK, given in the problem to a K,. This is a two-part conver- 
sion. First find pK, using the relationship pK, = pK, + pK,, where pK, = 14.000: 


PK, = PK,- pK, = 14.000 - 4.76 = 9.24 
Then change pK, to Ky: 
K,=10 =10°" =5.75x10 


In this problem, the equilibrium equation and the change in the concentrations are 
C,H;0, +H,O =OH +HC,;H,0, 
4.6809 x 10° —x +x +x 
Entering this information in the K, expression gives you the following: 
ee [ OH” |[HC,H,0, ] 
[ C2H;0,7 | 


575x109 = Il] 
| 4.6809 x10? — x | 


This is a quadratic equation, and you can solve it as such. But before doing the math, 
think about the problem logically. If the change in the denominator is insignificant, you 
can drop the -x and make the problem easier to solve. 


A simple check is to compare the exponent on the K to the exponent on the concentra- 
tion (in scientific notation). In this case, the exponent on the K is —-10, and the expo- 
nent on the concentration is —2. If the exponent on the K is at least 3 less than the 
exponent on the concentration (as it is in this case), you can assume that -x in the 
denominator is insignificant. That means you can rewrite the K equation as 


575x190 = be 
[ 4.6809 x 10 | 


x=5.19x10°=[OH ] 
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The x value is sufficiently small that 1.0 - x =~ 1.0, which validates the assumption. 
Find the pOH using the pOH definition: 
pOH = -log| OH” ]=—log| 5.1910 |=5.28 


Finally, find the pH using the relationship pK,, = pH + pOH: 
PH = pK,- pOH = 14.000 — 5.28 = 8.72 


The problem doesn’t give you an equation, so the first step is to write a balanced 
chemical equation: 


Ba(OH), (aq)+2HC,H;0,(aq) > Ba” (aq)+2C,H;0, (aq)+2H,0(1) 
Then add the information from the problem to the balanced chemical equation: 
Ba(OH), (aq)+2HC,H;0,(aq)— Ba**(aq)+2C,H;0, (aq)+2H,O(1) 
0.4800 M 0.7600 M 
25.00 mL 
This reaction is at the equivalence point, so none of the reactants will remain. 
Therefore, the only thing present that might affect the pH is the acetate ion, the conju- 
gate base of the weak acid. You need to calculate the molarity of the acetate ion in the 
solution at the equivalence point, which requires knowing the moles present and the 


total volume of the solution. The problem gives you more information about the acetic 
acid, so begin your calculations with acetic acid. 


Change the molarity of the acetic acid to moles by multiplying the molarity by the 
volume. The conversion is easier to see if you write the molarity unit M in terms of its 
definition (mol/L). The given volume is in milliliters, so remember that a liter is 1,000 mL. 


mol = MV 
-( mol 
Gal 
L mol 
=( gz er 


_ (0.7600 mol HC,H,0, 
j 1,000 mi. 


= 1.900 x10 mol HC,H,0, 


}(e5.00 am: ) 


From the moles of acetic acid, you can determine both the number of moles of acetate 
ions formed and the volume of barium hydroxide solution. 


The moles of acetate ion (conjugate base) formed comes from multiplying the moles of 
acetic acid by the mole ratio from the balanced chemical equation: 


-2 mol HEsH3O, - 
(ea m H; a 2 mol C,H,0, ]=190x10” mol C,H,0,- 


2 mol H€;H;0,, 


Find the volume of barium hydroxide solution added using the moles of acetic acid, 
the mole ratio from the balanced chemical equation, and the molarity of the barium 
hydroxide solution: 
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2 mol HE;Hz0, \| 1mol 
1.900x10~ m 7U 2 2 1,000 mL =19.79 mL 
I 2 mol HCsH;O, || 0.4800 mol 


At this point, the volume of the solution is 25.00 mL + 19.79 mL = 44.79 mL = 0.04479 L. 


2 


Now determine the concentration of the conjugate base by dividing the moles of the 
substance by the volume of the solution in liters: 


1.900 x10 mol C,H,0,” 
0.04479 L 


z 0.4242 M C,H,0,7 


Next is the equilibrium part of the problem. The acetate ion is the conjugate base of a 
weak acid, so it will be part of a K, equilibrium. The generic form of every K, problem is 


CB 0H" +CA 
[ OH” |[CA] 


where CA refers to the conjugate acid and CB refers to the conjugate base. For balanc- 
ing purposes, water may be present in the equilibrium chemical equation; however, 
water is also the solvent, so it shouldn’t be in the equilibrium expression. 


You need to convert the pK, given in the problem to a K,. This is a two-part conver- 
sion. First find pK, using the relationship pK, = pK, + pK,, where pK, = 14.000: 


PK, = PK,- pK, = 14.000 - 4.76 = 9.24 
Then change pK, to Ky: 
K, =10®™%® =10°” =5. 75x10 


In this problem, the equilibrium equation and the change in the concentrations are 
C,H;0, + H0 =OH + HC,H;0, 
0.4242 M +x +x 
Entering this information in the K, expression gives you the following: 
[ OH” |[HC,H,0, | 
o [C07 ] 


b 


-10 [x][x] 
5.75x107 = [0.4242- x] 


This is a quadratic equation, and you can solve it as such. But before doing the math, 
think about the problem logically. If the change in the denominator is insignificant, you 
can drop the -x and make the problem easier to solve. 


A simple check is to compare the exponent on the K to that of the concentration (in 
scientific notation). In this case, the exponent on the K is —10, and the exponent on the 
concentration is —1. If the exponent on the K is at least 3 less than the exponent on the 
concentration (as it is in this case), you can assume that -x in the denominator is insig- 
nificant. That means you can rewrite the K equation as 


ao [x][x] 
5.75 x10" = [0.4242] 


x =1.56x10° =| OH | 
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The x value is sufficiently small that 1.0 -x =~ 1.0, which validates the assumption. 
Find the pOH using the pOH definition: 
pOH = —log[ OH” ]=-log| 1.56 10% |= 4.81 


Finally, find the pH using the relationship pK, = pH + pOH: 
pH = pK,- pOH = 14.000 — 4.81 = 9.19 


The problem doesn’t give you an equation, so the first step is to write a balanced 
chemical equation: 


2NH;(aq)+H,SO,(aq)— 2NH,*(aq)+SO,” (aq) 


Then add the information from the problem to the balanced chemical equation: 
2NH;(aq)+H,SO,(aq) > 2NH,*(aq)+SO,* (aq) 
0.09800 M 0.06000 M 
25.00 mL 
This reaction is at the equivalence point, so none of the reactants will remain. 


Therefore, the only thing present that might affect the pH is the ammonium ion, the 
conjugate acid of the weak base. 


You need to calculate the molarity of the ammonium ion in the solution at the equiva- 
lence point, which requires knowing the moles present and the total volume of the 
solution. The problem gives you more information about the ammonia, so begin calcu- 
lations with ammonia. 


Change the molarity of the ammonia to moles by multiplying the molarity by the volume. 
The conversion is easier to see if you write the molarity unit in terms of its definition 
(mol/L). The given volume is in milliliters, so remember that a liter is 1,000 mL. 


mol = MV 
_( mol 
Ga 
L mol 
-gz Ja 


_ ( 0.09800 mol NH, 
~ 1,000 mi 


= 2.45010 mol NH, 


(25:00 ) 


From the moles of ammonia, you can determine both the number of moles of ammo- 
nium ion formed and the volume of the sulfuric acid solution. 


The moles of ammonium ion (conjugate acid) formed comes from multiplying the 
moles of ammonia by the mole ratio from the balanced chemical equation: 


2.450 x 10 moL NH; \/ 2 mol NH,* =2.450x10~ mol NH,* 
I 2molNH, | | ' 
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Find the volume of barium hydroxide solution added using the moles of ammonia, the 
mole ratio from the balanced chemical equation, and the molarity of the sulfuric acid 
solution: 


2.450x10~ mol NH; )( 1mol 580; 1,000 mL = 20.42 mL 
1 2 mol HC-H;O, j| 0.06000 mol H;S0;, ` 


At this point, the volume of the solution is 25.00 mL + 20.42 mL = 45.42 mL = 0.04542 L. 


Now determine the concentration of the conjugate base by dividing the moles of the 
substance by the volume of the solution in liters: 


Ean mol NH,* 


== -2 $ 
0.04542 L ) = 5.39410 M NH, 


Next is the equilibrium part of the problem. The ammonium ion is the conjugate acid 
of a weak base, so it will be part of a K, equilibrium. The generic form of every K, 
problem is 


CA =H*+CB 


g [ H* |[CB] 


[ca] 
where CA refers to the conjugate acid and CB refers to the conjugate base. 


You need to convert the pK, given in the problem to a K,. This is a two-part conver- 
sion. First find pK, using the relationship pK, = pK, + pK,, where pK, = 14.000: 


PK, = pK,, — pK, = 14.000 - 4.75 = 9.25 
Then change pK, to Ky: 
K, =10”® =10°” 35.6210 


In this case, the equilibrium equation and the change in the concentrations are 
NH; =H*+NH, 
5.394x107-x +x +x 


Entering this information in the K, expression gives you the following: 


_ [H+ [NH] 
[MWt] 
5.62x10 = LIL] 


~ [5.394x107 — x | 


This is a quadratic equation, and you can solve it as such. But before doing the math, 
think about the problem logically. If the change in the denominator is insignificant, you 
can drop the -x and make the problem easier to solve. 


A simple check is to compare the exponent on the K to that of the concentration (in 
scientific notation). In this case, the exponent on the K is -10, and the exponent on the 
concentration is —2. If the exponent on the K is at least 3 less than the exponent on the 
concentration (as it is in this case), you can assume that -x in the denominator is insig- 
nificant, simplifying the K equation to 


Answers 
901-1001 


981. 


982. 


983. 


984. 


985. 


986. 


Chapter 16: Answers and Explanations 39 7 


562x190 = [lx] __ 
[ 5.394 x 107 | 


x=551x10° =| He | 
The x value is sufficiently small that 1.0 - x =~ 1.0, which validates the assumption. 


Finally, find the pH using the pH definition: 
pH =—log| H* |=-log[| 5.51x 10° |= 5.26 


origin 
The coordinates of the origin are (0, 0). 


interpolation 


Finding a point that falls between the minimum and maximum values plotted on a line 
or curve is interpolation; you're finding a value inside your data. 


Interpolation is an important method for estimating values based on data trends from 
the experiment. You can find an approximate value for a point that falls between the 
tested data points without doing an additional experiment, which can save a signifi- 
cant amount of time. 


extrapolation 


Estimating a value that falls below the minimum values or above the maximum values 
but follows the trend shown in the graph is called extrapolation. 


Extrapolation allows you to make an educated guess about a result of a future experi- 
ment. The method assumes that the trend observed in the given values will continue 
beyond this range, which isn’t always a valid assumption. One important aspect of sci- 
ence is that a theory should be able to predict future events (extrapolation). 


the origin 


The line crosses the x-axis when the volume equals zero. This graph should pass 
through the origin because zero volume corresponds to zero mass. 


absolute zero 


This graph is a plot of Charles’s gas law. The x-intercept represents the point where 
the volume of an ideal gas would be zero, which occurs when the temperature is abso- 
lute zero. 


speed 


The slope is rise over run: the change in y-values (distance) divided by the change in 
x-values (time). Therefore, the line has units of distance/time, such as miles per hour, 
which correspond to units of speed. 


Answers 
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98 7. density 


The slope is rise over run: the change in y-values (mass) divided by the change in 
x-values (volume). Therefore, the line has units of mass/volume, such as grams per 
cubic centimeter, which correspond to units of density. Density is the mass of some- 
thing divided by its volume. 


gg 8. heat capacity 


The slope is rise over run: the change in y-values (heat energy) divided by the change 
in x-values (temperature). Therefore, the line has units of energy/temperature, such as 
joules per degree Celsius. This unit corresponds to heat capacity, which is the amount 
of energy necessary to increase the temperature of a substance by 1°C. 


gg g. straight line with a positive slope 


A directly proportional relationship produces a straight line with a positive slope. You 
can write the relationship from Charles’s law as V œ T, where ~ means proportional. 
With this relationship, as the gas’s temperature increases, the volume increases by the 
same factor. For example, if you double the temperature, the volume doubles as well, 
and the volume triples if you triple the temperature. 


This law assumes that the pressure and the amount of gas are constant. 


990. a line curving downward 


A graph showing an inversely proportional relationship is a smooth curve that slopes 
downward. You can write the relationship from Boyle’s law as P œ L or PV = constant. 


With this relationship, if the pressure doubles, the volume is halved, and if you triple 
the pressure, you get a third of the volume. 


This law assumes that the temperature and the amount of gas are constant. 


99 1. a line curving upward 


The volume is related to the edge of a cube (s). The relationship is V = $è. Cubic rela- 
tionships give curved lines. The graph curves upward because a larger cube has more 
volume. 


992. 27 pennies 


After plotting the data, draw the line of best fit. For a linear set of data, the line of best fit 
is a straight line that splits the difference between the data points. Points will be equally 
distributed on each side of this line. In science, graphs very rarely connect the dots. 


The following graph shows the plotted data points and the best-fit line. Your graph 
should have individual points above and below this line. 
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901-1001 
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100.0 + 
95.0 4 
90.0 4 
85.0 4 
80.0 4 
75.0 4 
70.0 3 
65.0 4 
60.0 4 
55.0 3 
50.0 4 
45.0 3 
40.0 3 
35.0 4 
30.0 4 
25.0 4 
20.0 4 
15.0 3 
10.0 3 
5.0 3 
0.0 4 
0 5 10 15 20 25 30 35 
Number of Pennies 


Mass (g) 


To answer this question, go up to about 84.1 on the y-axis and then go right until you 
hit the line of best fit. Next, go down to the x-axis and read the value. 


Note: The smallest division on your x-axis could be as small as 0.1 penny, but for prac- 
ticality, it will probably be 1 penny or larger to avoid cutting a penny into pieces. 


the average mass of one penny 


To find the slope of a line, you choose two points on the line and divide the difference 
in the y-coordinates by the difference in the x-coordinates. The y-values represent 
mass, and the x-values represent the number of pennies: 

-AY ary 

m= hx = Xə — X] 
= mass 
number of pennies 
_ grams 
~ penny 


The units (grams/penny) indicate that the slope represents the average mass of one 
penny. 


Answers 
901-1001 
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994. 4.6 mL 


After plotting the data, draw the line of best fit. For a linear set of data, the line of best fit 
is a straight line that splits the difference between the data points. Points will be equally 
distributed on each side of this line. In science, graphs very rarely connect the dots. 


The following graph shows the plotted data points and the best-fit line. Your graph 
should have individual points above and below this line. The smallest division on your 
x-axis could be anything as small as 0.1 mL, but for practicality, it’s more likely to be 
0.2 mL or 0.5 mL. 
90.0 7 
80.0 + 
70.0 + 
60.0 + 


50.0 + 


Mass (g) 


40.0 + 
30.0 + 


20.0 + 


10.0 + 


0.0 10 20 30 40 50 60 70 80 90 10.0 11.0 12.0 
Volume (mL) 


To answer this question, go up to about 31.0 g on the y-axis and then go right until you 
hit the line of best fit. Next, go down to the x-axis and read the value. 


995. 70.1g 


After plotting the data, draw the line of best fit. For a linear set of data, the line of best fit 
is a straight line that splits the difference between the data points. Points will be equally 
distributed on each side of this line. In science, graphs very rarely connect the dots. 


The following graph shows the plotted data points and the best-fit line. Your graph 
should have individual points above and below this line. The smallest division on your 
y-axis could be anything as small as 0.01 g, but for practicality, it’s more likely to be 
0.1 g,0.5 g, orl g. 
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901-1001 
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Mass (g) 


“0.0 10 20 30 40 50 60 70 80 90 10.0 11.0 12.0 
Volume (mL) 


To answer this question, go over to about 10.0 mL on the x-axis and then go up until 
you hit the line of best fit. Next, go over to the y-axis and read the value. 


996. 0.083 M 


After plotting the data, draw the line of best fit. For a linear set of data, the line of best fit 
is a straight line that splits the difference between the data points. Points will be equally 
distributed on each side of this line. In science, graphs very rarely connect the dots. 


The following graph shows the plotted data points and the best-fit line. Your graph 
should have individual points above and below this line. The smallest division on your 
x-axis could be anything as small as 0.001 M, but for practicality, it’s more likely to be 


0.0025 M or 0.0050 M. 
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To answer this question, go up to about 0.318 on the y-axis and then go right until you 
hit the line of best fit. Next, go down to the x-axis and read the value. 


This graph illustrates Beer’s law. The absorbance is directly proportional to the 
concentration. 


997. 079 


After plotting the data, draw the line of best fit. For a linear set of data, the line of best fit 
is a straight line that splits the difference between the data points. Points will be equally 
distributed on each side of this line. In science, graphs very rarely connect the dots. 


The following graph shows the plotted data points and the best-fit line. Your graph 
should have individual points above and below this line. The smallest division on your 
y-axis could be anything as small as 0.001, but for practicality, it’s more likely to be 
0.025, 0.05, or 0.1. Absorbance doesn’t have a unit. 
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Concentration (M) 


To answer this question, go over to 0.125 M on the x-axis (this is an extrapolated value, 
beyond the data points from the experiment); then go up until you hit the line of best 
fit. Next, go over to the y-axis and read the value. 


This graph illustrates Beer’s law. The absorbance is directly proportional to the 
concentration. 


998. —_ -2715°c 


After plotting the data, draw the line of best fit. For a linear set of data, the line of best fit 
is a straight line that splits the difference between the data points. Points will be equally 
distributed on each side of this line. In science, graphs are very rarely connect the dots. 
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901-1001 
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The following graph shows the best-fit line. Your graph should have individual points 
above and below this line. The smallest division on your x-axis could be anything as 
small as 0.1°C, but for practicality, it’s more likely to be 10°C or 25°C (although num- 
bers this big will make it difficult to estimate the value). 


Volume (L) 
i 
| 
T 


S E E. 
-300—275 —250 -225 -200 -175 —150-125 -100 -75 -50 -25 0 25 50 75 100 125 150 175 200 
Temperature (°C) 


To answer this question, go over on the line of best fit until it intersects with the x-axis 
and read the value. 


This graph illustrates Charles’s law and the method for determining absolute zero, the 
lowest possible temperature. Data from other experiments have shown that the actual 
value of absolute zero, which is 0 kelvins on the Kelvin scale, is -273.15°C. 


999. the line has a gradual positive slope, shoots up, and then levels out 


This graph is shaped like an s-curve that has had the top and bottom pulled so that the 
middle of the s is almost a vertical line: 


12 
11 
10 

9 


pH 


N OU Fan ns oo 


0 5 10 15 20 25 30 
Volume (mL) 


The graph shows data from an acid-base titration in which the base is the titrant. In an 
acid-base titration, the pH of the solution is plotted versus the volume of a substance 
added. The center of the sharp rise is the equivalence point of the titration. 
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1,000. 4.64 


Plot the data and draw the line of best fit, which is a smooth curve. The smallest divi- 
sion on your y-axis could be anything as small as 0.01, but for practicality, it’s more 
likely to be 1.00. Note that pH has no unit. 


12 ~ 


= 
= 


= 
Oo 


pH 


or N OUO FP ao Ds C OO 


0 5 10 15 20 25 30 
Volume (mL) 


To answer this question, go over to 12.25 mL on the x-axis and then go up until you 
hit the line of best fit. Next, go over to the y-axis and read the value. 


The pH at 12.25 mL is halfway to the equivalence point. At the equivalence point, the pH 
is equal to the pK, of the acid. The pK, is equal to -log K, where K, is the equilibrium 
constant for the ionization of a weak acid. If you have a list of possible acids, the K, value 
can help you identify an unknown acid used in the titration. 


1 J 001. _|_ versus time 


A] 


rej 


Graphing 1/[A] versus time should give you a line that looks like the one in the follow- 
ing graph. [A] stands for the molar concentration of one of the reactants, so the units 
for 1/[A] are M“, or 1/M. Sketching graphs (or graphing the data with a program such 
as Excel) quickly shows that the other combinations aren’t linear. 
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90 
— 80 
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Time (min) 


A second-order kinetics reaction always gives you a positive linear plot of 1/[A] versus 
time. Identifying this relationship is a useful way to show that a reaction follows second- 
order kinetics. The slope of the line is related to the rate constant for the reaction. A 
first-order reaction would give you a negative linear plot for In[A] versus time, and a 
zero-order reaction would give you a negative linear plot for [A] versus time. 
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901-1001 
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Index 


eAe 


A elements, 216 
absolute zero, 403 
acid equilibrium constant (K,) 
buffer solutions, 378-379 
pH and pOH of weak acids and bases, 
355-356, 357-361, 363-365, 367 
titrations and pH changes, 382-383, 386, 396 
acid-base reactions, 63, 70-71, 240-246 
acids 
buffer solutions, 120-121, 377-382 
conjugate, 116-117, 351 
identifying, 116, 350 
overview, 115-116 
pH and pOH of strong, 117, 351-355 
pH and pOH of weak, 118-119, 355-369 
stoichiometry of titrations, 119-120, 369-377 
titrations and pH changes, 121-123, 382-397 
alkali metals, 190 
alkaline earth metals, 189, 191, 192, 215 
alloys, 337 
alpha decay, 180, 181 
ampere, 134 
angular momentum quantum number (1), 177 
anion, 192, 194, 199, 203 
area, surface, 146 
-ate suffix, 197 
atmospheres, 298, 299 
atomic number, 172, 173-175, 182-183 
atomic radii, 192-194 
atoms, 27. See also nuclear chemistry 
Aufbau principle, 176 
average atomic mass, 31-32, 178-180 
Avogadro’s law, 103, 322-323 


e Bo 


balancing chemical reactions 
general, 67, 232-234 
predicting products and, 69-70, 237-240 
redox and acid-base reactions, 242-246 
from word equations, 68-69, 234-237 


base equilibrium constant (K,) 
pH and pOH of weak acids and bases, 3 
56-357, 361-363, 366, 368 
titrations and pH changes, 383-384, 392, 394 
bases 
buffer solutions, 120-121, 377-382 
conjugate, 116-117, 351 
identifying, 116, 350 
overview, 115-116 
pH and pOH of strong, 117, 351-355 
pH and pOH of weak, 118-119, 355-369 
stoichiometry of titrations, 119-120, 369-377 
titrations and pH changes, 121-123, 382-397 
Beer’s law, 402 
bent molecular shape, 218, 219, 220 
best-fit line, 398-399, 400-403 
beta decay, 181 
binary compounds, 42, 44-46, 194-197, 
199-202 
boiling, 281-282, 285 
boiling point, 108 
boiling point elevation, 344-346, 347 
bonding. See covalent bonding; ionic bonding 
bonds, predicting types of, 57-58, 215-217 
boron family, 191, 215 
Boyle’s law, 98-99, 299-304 
buffer solutions 
general information, 120-121, 377-382 
titrations and pH changes, 385-386, 388, 389, 
390-391 


oC o 


Calorie, 168 

calorie, 168 

calorimetry, 83, 90-91, 287-291 
carbon family, 191 

cation, 194, 199, 203 

centi- prefix, 134 

centimeter (cm), 133 

Charles’s law, 99-100, 304-310 
Cheat Sheet, 2 

chemical property, 163, 164 
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chemical reactions degrees Celsius (°C), 134, 169-171, 279-281 
balancing, general, 67, 232-234 degrees Fahrenheit (°F), 169-171, 281 
balancing, predicting products and, 69-70, density, 24-25, 164, 165-168, 398 

237-240 deposition, 162 
balancing from word equations, 68-69, di- prefix, 206 
234-237 dilution, 110, 340-342 
classifying from chemical equations, 64, dimensional analysis, 12-13, 144-149 
228-229 directly proportional relationship, 398 
classifying from word equations, 65-66, double displacement reaction, 228, 229, 
229-231 231, 232 
overview, 63 ductility, 164 


predicting, 66, 231-232 
redox and acid-base, 70-71, 240-246 


chemistry, 1-4 e E e 
colligative properties, 107, 108, 111-113, 
343-350 electrolytes, 343, 346, 347 
color, 164 electron affinity, 192, 193 
combination reaction, 228, 229, 230-231, 232 electron capture, 181 
combined gas law, 101-102, 316-321 electronegativity, 215-217 
combustion reaction, 228, 229, 230, 231 electrons 
compounds. See covalent bonding; ionic isotopes and subatomic particles, 172 
bonding; molar calculations overview, 27 
concentrations, 107, 109, 338-340 and quantum mechanics, 30-31, 176-177 
concrete, 163 valence, 56-57, 214-215 
condensation, 162, 281, 283 elements. See periodic table 
conductivity, 165 empirical formulas, 76, 254-256 
conjugate acids, 116-117, 351 energy. See also thermochemistry 
conjugate bases, 116-117, 351 ionization, 192, 193, 194 
conversions overview, 21 
metric, 9-10, 135-138 working with, 25-26, 168-171 
pressure units, 98, 298-299 English units, 8-11, 134-135, 138-144 
between systems of measurement, 10-11, enthalpy changes, 92-95, 294-297 
138-144 enthalpy of condensation, 283 
temperature, 84, 169-171, 279-281 enthalpy of fusion, 282 
cooling, 281 enthalpy of solidification, 283 
covalent bonding, 49, 50-54, 206-214 enthalpy of vaporization, 283 
cubic centimeters (cm?), 134 equivalence point, 391, 393, 395, 403-404 
cubic relationships, 398 evaporation, 283 
exceptional molecular shapes, 59-61, 222-226 
r ) D e exponent, 150-151 
extensive property, 164 
Dalton’s law of partial pressures, 104-105, extrapolation, 397 
329-334 
deca- prefix, 207 e F e 
decay, nuclear, 32-33, 180-181 
decomposition reaction, 228, 229, 230, fission, nuclear, 180 


231, 232 flammability, 164 


formation, heats of, 83, 91-92, 291-294 
freezing, 162, 282, 284-285 

freezing point, 108, 282-283, 284-285 
freezing point depression, 344, 345, 346-347 
fusion, enthalpy of, 282 

fusion, nuclear, 180 


eGe 


gamma decay, 180, 181 
gases 
Avogadro’s law, 103, 322-323 
Boyle’s law, 98-99, 299-304 
Charles’s law, 99-100, 304-310 
combined gas law, 101-102, 316-321 
converting pressure units, 98, 298-299 
Dalton’s law of partial pressures, 104-105, 
329-334 
gas stoichiometry, 106, 335-336 
Gay-Lussac’s law, 100-101, 310-316 
Graham’s law, 105-106, 334-335 
ideal gas law, 103-104, 324-329 
overview, 97 
in periodic table, 190 
phase changes and energy, 281-287 
properties of, 161 
Gay-Lussac’s law, 100-101, 310-316 
geometry, molecular. See molecular geometry 
Graham’s law, 105-106, 334-335 
gram (g), 133 
graphing, 125-129, 397-405 


e H o 


half-lives, 33-34, 183-187 
halogen family, 191 
heat. See also entries beginning with enthalpy 
of formation, 83, 91-92, 291-294 
of reaction, 291-297 
specific, 83, 90-91, 284, 287-291 
heat capacity, 398 
help resources, 3-4 
Henderson-Hasselbalch equation 
buffer solutions, 378, 379-382 
titrations and pH changes, 385-386, 388, 389, 
390-391 
hepta- prefix, 206 


Index 4 ] ] 


Hess’s law, 83, 92-95, 294-297 

heterogeneous mixtures, 163 

hexa- prefix, 206 

homogeneous mixtures, 162 

Hund’s rule, 176 

hydrogen, 195 

hydrogen ion concentration, 351-352, 353, 354 
hydroxide ion concentration, 352, 353-355 


eje 
-ide suffix, 194 
ideal gas law, 103-104, 324-329 
incomplete combustion, 228 
inner transition metals, 190, 191 
intensive property, 163, 164-165 
interpolation, 397 
inversely proportional relationship, 398 
ion, 174 
ionic bonding 
binary compounds, 42, 44-46, 194-197, 
199-202 
compounds with polyatomic ions, 43—44, 
46-48, 197-199, 203-206 
overview, 41 
ionization energy, 192, 193, 194 
isoelectronic, 174 
isotopes, 28-30, 172-175 
-ite suffix, 197 


eje 


joule (J), 133 


eK o 


K,. See acid equilibrium constant 
K,. See base equilibrium constant 
kelvins, 134, 169-171, 279-281 
kilo- prefix, 133 

kilocalorie (kCal), 168 

kilogram (kg), 134 

kilojoules per mole (kJ/mol), 168 
kilopascals (kPa), 298, 299 
kinetic energy, 168-169 
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° L e millimeter of mercury (mm Hg), 133, 298 
mixtures, classifying, 22-23, 162-163 


1 (angular momentum quantum number), 177 molality (m), 107, 110-111, 338, 342-343, 


leading zeros, 157 344-347 
least-accurate decimal place, 158-159, 161 molar calculations 
length, 164 empirical formulas, 76, 254-256 
Lewis dot diagram, 55 limiting reactants, 82, 276-279 
limiting reactants mass percent, 75-76, 249-254 
buffer solutions, 381-382 molar mass, 74-75, 246-249 
general information, 82, 276-279 mole calculations, 77-81, 258-273 
titrations and pH changes, 385, 387, 388-390 molecular formulas, 76-77, 256-258 
line of best fit, 398-399, 400-403 overview, 73 
linear molecular shape, 217-221, 226 percent yield, 81-82, 274-275 
liquids, 161, 281-287 molar mass, 74-75, 246-249, 322, 328-329, 334 
molarity (M), 337, 339-341, 369-377 
e M e mole calculations, 77-81, 258-273 
molecular formulas, 76-77, 256-258 
magnetic quantum number (m,), 177 molecular geometry 
mass basic molecular shapes, 58-59, 217-222 
average atomic, 31-32, 178-180 exceptional molecular shapes, 59-61, 
calculations, 166, 167 222-226 
as extensive physical property, 164 overview, 55-56 
molar, 74-75, 246-249, 322, 328-329, 334 polarity of molecules, 61, 226-228 
mole calculations, 266-268 predicting bond types, 57-58, 215-217 
of solvent, 338 valence electrons, 56-57, 214-215 
specific heat and calorimetry, 287-291 moles, 322-323, 324-329, 331 
mass number, 172, 173-175, 182-183 mono- prefix, 207 
mass percent, 75-76, 249-254 Moseley, Henry, 190 
matter 
classifying substances and mixtures, 22-23, © N © 
162-163 
density calculations, 24-25, 165-168 n (Principal quantum number), 177 
energy, working with, 25-26, 168-171 names, in periodic table, 36-37, 187-189 
overview, 21 nano- prefix, 134 
phases of, 22, 161-162 negative charge, 174 
properties of, 23-24, 163-165 neutralization reaction, 228, 231 
measurement systems, converting between, neutrons, 172-173 
10-11, 138-144 nitrogen family, 191, 215 
mega- prefix, 134 noble gases, 190, 215 
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